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PREFACE. 


Tbz  worta  of  the  late  Profeeeor  Mahan  are  too  well  ftnd 
loo  fsTonbly  known  to  need  special  comment  from  tlie 
preftent  Edittn*. 

The  first  edition  of  hia  work  on  Civil  Engineering  ap- 
peared when  engineering  as  a  learned  profession  was  gcnrccly 
recognixed  in  this  conntrj,  and  when  but  a  very  limited 
amount  of  instruction  npon  the  science  which  pertains  to  it 
was  given  in  oar  schools.  Descriptions  of  prucesees  and  of 
works  executed  were  the  essential  means  of  giving  the  infor- 
mation which  was  needed  b;  the  engineer.  This  determined 
the  ewential  characteristic  of  his  work,  which  is  ciegcriptive. 

More  recently,  numerous  schools  baro  been  established, 
vhidi  are  intended  to  give  tliorongh  ii'wfmctiOTi  ir.  the  science 
of  engineering,  and  in  which  tiie  conrsee  of  instmctioa  nr^ 
largely  filled  with  mathematical  amjlyi^.  -But  anntysia 
alone,  however  important,  can  never  tik*)  jyie  place  of  descrijv 
tive  matter.  Every  snccessftil  structure'  servos  i^  i  guide  in 
the  cnnstmcdon  of  all  futnre  similar  works.  Thna  thD.ex])e- 
rienoe  of  one  may  become  the  wisdom  of  many. 


Before  his  untimely  death,  Pr*feseor  Haban  had  prepared 
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a  thuroo^fa  revisioa  of  Uiis  vork,  and  mbont  oce-thinl  of  it 
had  passed  through  the  press  when  the  present  Editor  took 
charge  of  it 

I  have  endearored  to  do  full  jostioe  to  the  original  acthoi 
br  preeerring  the  eeaential  character  of  the  vork,  and  rer^n 
in^  nearlr  all  the  matter  which  he  had  prepared ;  Etill,  I  have 
cnnitted  a  few  paxagnphs  which  were  deemed  non-eseential, 
and  condensed  otheia.  I  have  also  added  considerable  new 
matter,  which  is  scattered  thronghont  that  portion  of  the 
work  which  I  hare  had  in  charge;  I  tnut  that  mr  labcMi 
have  added  to  the  value  of  the  work. 
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Dini.DiNa-l(ATKRiAL8,    their  propexUeB,    kpplioation,    and    danlfloatUn 
(Artal-S). 


8T0NB. 

SiLiCTotra  BTOiraa — Sienlte,  Porphyry,  Green-Stone,  Granite  and  Gneiai, 
Hka  Slate,  Bohr  or  Mill  Stone,  Hom-Stone,  Steatite  or  Soap-Stone, 
Talooae  Slate,  and  Sand-Stone  (ArtA  3-19). 
AaoiLLACKOUB   STONEa — Boofing-Slate,  GrKTwaoke  Slate,  and  Hornblende 

Slate  (Art*  17-20). 
CaI-cuieous  Stonkel  —Common  Limestone.     HABBLEa — Statuary  Marble, 
Conglomerate    Marble.   Birdaeye   MarUe,     tiomachella    Marble,   Yeid 
Antique  Marble,  Veined,  Golden,  Italian,  Iriah,  eta ,  Marblea    Localitiea 
where  the  Limestones  and  Marbles  are  fonnd  and  quarried  tor  nse  (Arta 
21-29),  Gypanm  (Art.  SO). 
Dnrabili^  of  Stone  (Arts.  Sl-86). 
Effects  of  heat  on  Stone  (Azl  81% 
Hardneas  of  Stone  (AxtL  88). 
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LIMX. 

Olabuficatiom  of  LnCB.— Oommoa  lima,  Hydmilid  Ume,  Hrdzanlk 
cement,  Limeatonea  tlutt  yield  H/dnolio  limea  and  HydnaUo  o»- 
menta,  Anaijwea  of  thew  Bbaom  (Arte.  88-49>.  Phymcml  ohuaoten  moA 
tests  of  Hydraulic  Iiimestones  (Arte.  9(Mi5).  Caloitiatlon  of  Linw- 
■tonea  (Arts.  S6-60). 
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Olibbification  and  Kinds  of  (AxtL  61-77).  Kethods  of  ndadng  a»l* 
dned  stone  to  powder ;  by  slaking ;  by  griadiiur  (Axta.  78-95).  Azd- 
fioial  hydranlio  limea  and  oements  (Arts.  (M-108).  Ponolana,  eta, 
(Arta.  104-114). 

IV. 

HOBTAS. 

Olaibifioatiok  of  (Axtfl.  llS-116).  Usea  of  (Art.  117).  QnalltlM  of, 
(m  what  dependent  (Arta.  117-120).  Olaaaifloatdon  at  Sand  (Arta.  ISl- 
1S7).  Composition  of  Hydmalto  mortar  (Arts.  128-184).  Uortar  ex- 
posed to  weather  (Arts.  18S-138).  UanipnlationofUortar  andOonoreta 
(Arta.  189-149).  Settiiv  and  dorabOlty  of  Uortar  (Arts.  148-lSO). 
Thwnj  of  Uottars  (191-168). 

V. 

OONOSBrSS   AND   BKTOKB. 
OOHCBBTK  OF  CJOKMON  LtHK,  UAnUFACTUaS  AND  TTaiB  (Alts.  1S4-157). 

Beton,  its  oomposltion,  manofisotore  and  uses  (Arts;  158-161).  Beton 
Oolsnet  (Atta.  16S-l(t6).  Bansome'a  ortiBdal  atone  (Art  167).  Beton 
aggloni<Sr6  (Axt&  188-188).  Adhesion  of  Uortar  to  other  materiaia 
(Arts.  183-188). 
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MASTIOS. 

Mabtics,  OoiCFoarnoit  of  (Art.  187).  Ktnminotu  Maatio,  Oompoattioa 
and  Hannfaotora  <^  (Arta.  188-198). 
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?BOPSBTtE8.  TTbeb  AND  UANnFAOTDXE  OF  (Arts.  199-309)  nM-Briok 
(Art  810).    TUea  (Art.  211). 
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Tin. 

WOOD. 

BUI,  Knme  or  (Axl.  212).  Parte  aod  prop«rtiM  of  tlM  tmnlu  of 
Trcb  (Aita  Sia-8U).  PelUng  of  Trees  (Arts.  210-318).  Gltdling  tad 
fevUflff  tnmk»  of  Ttms  (Ait.  217).  Uothodi  of  sowo&iiv  Timber 
(ArtB.  iM-SaS).  Wot  Md  dfjr  rot  (Ail  228).  PieMrratioD  of  Timtwr 
(Am.  SST-Sil}.    Foicat  Tn»eii  of  the  CToIted  State*  (Azta.  US-MS). 
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Cast  Ihoh,  V  kRiKrnw  of  (Art*  2-10-283).  Wrought  Iron,  Vftri«tlM  of 
(Art*.  aiVMm).  DonUnlitr  of  Itoa  (Arti.  27d-288).  FraMmtaTM  ot 
Iroo  (ArtB.  990-306).     ComigBbed  IroD  (Art.  89&>.    Steel  (Art  800). 

OOPPDR  mi  it!  aaoyi  (Art  301). 
ZCNO  and  ita  klk^  (Axt  802). 
TIN  (Alt.  MB). 
I.BAI)  Un  (MM). 


PAINT?   Am)  TABKIBHBB. 

PAUm,  OoMTOanoii,  Uses  akd  Dcbauilttt  op  {Arts.  805-306).  Vu< 
rtUm,  OonuMBibioD  «od  Uaw  of  (Aita.  309-811).  Tunuh  foi  ZuKjced 
Iran  (Arts.  8ia-«18).  Zootksoaa  Paint  (Art  314).  Uethoda  of  pienrr- 
big  axpoMd  nufaoM  of  Stoiut  (Art^  81fi). 


L  i  iCTowTEDOE  of  tho  propertioB  of  building  materials 
tfi  one  of  tho  most  important  branches  of  Civil  En^iiicoring. 
An  engineer,  to  be  enabled  to  make  a  judicious  eelection 
of  nmturiaK  wd  to  apply  them  bo  that  the  ends  of  aonnd 
economv  and  skilful  workmanship  shall  be  equally  snb- 
«rved,  must  know : — 

let.  Their  ordinary  durabilitr  under  the  varione  circnm- 
ftanceft  in  which  thoy  are  employed,  and  the  means  of  in- 
creamnjT  it  when  desirable. 

Sd,  Their  capacity  to  sustain,  without  injnir  to  their 
physical  qualities^  permanent  strains,  whether  exerted  to 
cmah  them,  tear  them  aeimder,  or  to  break  them  tnui» 
veieely. 


3<3,  Their  renitanoe  to  rapture  uid  wemr,  from  perciunaa, 
ftiir)  attrition. 

4tb.  FiiuJljr,  the  time  uid  expeme  necetttry  te  oouTerl 
tbem  to  the  uaet  for  which  they  may  be  required. 

2.  Hie  nuUenAls  '.n  geacnl  use  for  civil  coustracuone 
may  be  amnged  under  the  three  foUowing  heads : — 

Ist  Thoee  which  ooiutitate  the  more  lolid  oompomeDti  oCj 
•tmcturee,  as  jSUme,  Brickj  Wood^  and  the  M«taU,  I 

2d.    The  cemente  in   general,  as  Mnrt^ir,  2fa*Hc9,  OlttOfi 
etc,  which  are  used  to  nmte  the  more  solid  parts. 

3d.  The  variooa  mixtures  and  cbemietl  preparations,  aa 
•olutionn  of  Sal(4,  Paintu,  Bttuminentt  Suhttanoet^  etc, 
employed  to  coat  the  more  eolid  parts,  and  protect  them 
from  the  chemical  and  mechanical  action  oi  atmospheric 
changes,  and  other  cauiiee  of  dcstmotibility. 


sroms. 


a  The  term  Stone^  or  Rock,  is  applied  to  any  aggregadon 
of  several  mineral  aubatances. 

Stones,  for  the  cx>nvenieiico  of  (leecnptioii,'mar  Iw  arranged] 
noder  three  general  heads — the  iiiicwuSt  the'  argUlaodotu^ 
and  the  caloairt<nu. 

4.  SILICIOUS  STOIfES.  The  stones  arranged  under 
thifl  head  receive  rhoir  appellation  from  eiUx^  the  prindpol 
constituent  of  the  miiierals  which  comjKiee  them.  They  iii-a 
also  frequently  (Iwtigiialod,  either  aco^irdin^  to  Uic  iniiieral 
fonnd  most  aiimnlftntlv  in  them,  or  from  the  appearance  of 
tlie  stone,  as  fildHpathic,  quarta&se^  ar«nae4<?u»,  etc 

5.  Tlie  silicious  stonee  generally  do  not  efTei^'eace  with 
acids,  and  emit  sparks  when  stniCK  with  a  eteel.  They  po»- 
Bees,  in  a  high  degree,  the  properties  of  etrength,  hanluess, 
and  durability:  and,  although  presenting  great  divereitj'  in' 
the  degree  of  tiie#e  properties,  as  well  as  in  their  structure, 
they  Ornish  an  extensive  variety  of  tlie  best  stone  for  tha 
various  purposes  of  the  englrieor  and  architect 

6.  StenttA,  PorpAyr^fj  and   Gnenratone^  from  the  abnn- 
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dance  of  feldspar  which  they  contain,  are  often  Jeagnatcd 
•e  feldfipatliic  rocks.  For  durabililv,  Rtrenglh,  and  hard- 
necE^  they  may  be  placed  in  the  first  ramc  uf  Bilictontt 
fitoncfi. 

1.  SienitQ  oonsistB  of  a  granular  aggregation  of  feldspar, 
honibtciide,  and  quartz.  It  furnishee  one  of  the  moet  valna- 
Dle  building  gtonee,  pflrttciilaHv  for  stmctiirefi  which  require 
great  etrenffth,  or  are  exposed  to  any  very  active  causes  of 
dettmctibibty,  as  sea  walls,  lighthoiiBee,  and  fortiBcations, 
Sieaite  occnre  in  extensive  be£,  and  may  be  obtained,  from 
the  localities  where  it  is  quarried,  in  blocks  of  any  reqiuaita 
bIzs.  It  doe*  not  yield  eafiily  to  the  chisel,  owing  to  its  groat 
hardness,  and  when  coarse-grained  it  cannot  he  wrongbt  to  a 
smooth  surface.  like  all  stones  in  which  feldspar  is  foond, 
the  diirobili^  of  sienite  depends  essentially  upon  the  com- 
podtiou  of  this  mineral,  which,  owing  to  the  potash  it  con- 
tains, sometimes  decomposes  \'cry  rapidly  when  exposed  to 
the  weather.  The  durauility  of  feldspathic  roukft,  however, 
is  very  variable,  even  where  their  composition  is  the  same ; 
no  pains  should  therefore  l>e  spai-ed  to  ascertain  this  prop- 
erty in  stone  taken  from  new  quarries,  before  using  it  fur 
impirtant  juiblic  workfi. 

8.  Porphjrry.  This  stone  is  nsiially  composed  of  com- 
pact feldspar,  having  crsstaU  of  the  same,  and  sometimes 
thow  of  other  minerals,  sc'^ttered  through  the  mass.  Por- 
phyry furnishes  stoiica  of  varions  colorw  and  texture;  the 
ujBual  color  being  reddish,  apni-oaching  to  purple,  fnim  which 
the  stone  takes  its  name.  One  uf  the  most  beautiful  varie- 
ties is  a  frrcwta/*/ por|)hyry,  consisting  of  angular  fi-agmenta 
of  the  stone  united  Sy  a  cement  of  compact  feldspar. 
Porphyry,  from  its  rareness  and  extreme  hardness,  is  seldom 
applied  to  anv  other  tJiuu  ornamental  purposes.  The  best 
known  localines  of  sienite  and  porphyry  in  the  United 
States  are  In  the  neighborhood  of  Boston. 

8,  Green-stone.  This  stone  is  a  mhturo  of  hornblende 
with  common  and  ootnpact  feldspar,  presenting  sometimes  a 
granular  though  usualty  a  compact  texture.  Its  ordiuarv 
eolor,  when  drv,  is  sonie  slnulc  of  browni ;  but,  when  wet,  it 
hecomee  greemah,  from  which  it  takes  its  name.  Green- 
stone is  very  hard,  and  one  of  the  most  durable  rocks ;  but, 
occnrriug  in  small  and  irregular  blocks,  its  uses  as  a  build 
iug  stuiie  are  very  restricted,  Wlien  walls  of  this  stone  are 
built  with  verr  white  mortar,  they  present  a  picturesque  ap- 
pearance and  it  is  i>n  that  account  well  adapted  to  nmi} 
uchitecture.     Green-stone  might  also  bo  uaed  as  a  materia) 
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fcr  roadmakirjc;;  large  nuantitiefl  of  it  are  annimlly  taken 
from  tlio  priiiripal  locality  of  this  reek  in  the  United 
Stat«e,  wj  well  knuwn  as  the  Pnlisades,  on  the  Ilmlson,  for 
constnmtiiig  whancs,  aft  it  i8  found  to  wiUie>taiid  wtill  the 
KctJon  of  9alt  water. 

10.  Oranite  and  Oneisa.  The  constituenta  of  these  twc 
Etonefi  are  ihe  same,  boiinj  a  granular  aggre^tion  of  quartz, 
fcMepar,  and  mica,  in  variable  pi"- ijxvrtione.  Tliey  differ  only 
ill  their  Btriictun; — gneiss  bcini?  a  stratified  roek,  the  uigre- 
dienta  of  wliicli  occur  freipiently  in  a  more  or  less  laminated 
state.  Gnciae,  although  leas  raluahlo  than  granite,  ovrinj;  to 
the  effect  of  its  structuro  on  the  size  of  the  blocks  which  it 
yields,  and  from  its  not  splitting  as  smtwthly  as  gmnite 
aoroM  ita  bedfl  of  Atratifii-ation,  iiimi«lies  a  building  Btoiie 
suitable  f<ir  moBt  arcliitertural  purp<»e8.  It  is  aim  a  good 
flagging  material,  when  it  ean  bo  obtained  in  thin  stabs. 

Granite  varies  greatly  in  quality  according  to  its  texture 
and  tlie  relative  proportion  "f  it«  constituents.  ^Vl^en  the 
quartz  is  in  excess,  it  renders  the  Btone  hard  and  brittle,  and 
very  difficult  to  be  worked  with  the  chiflcl.  An  excess  of 
mica  usually  makes  the  stone  friable.  An  excess  of  fcldspai 
mves  the  stone  a  white  hue,  and  makes  it  freer  under  tlie 
^isel.  The  best  granites  arc  those  with  a  tine  grnin.  in 
which  the  constituentH  seem  iinifunnly  diBseminated  tlinnigh 
the  ma^H.  The  color  of  granite  h  usually  some  fihade  of 
gray ;  when  it  varies  from  this,  it  is  owing  to  the  color  of  the 
teloepar.  One  of  its  varieties,  known  as  Oriental  granilo, 
has  a  fine  reddish  hue,  and  is  used  chiefly  for  ornamental 
purposes.  Qranito  is  sometimoe  mistaken  for  sieuite,  when 
it  contains  but  little  mica.  "^ 

Tlie  quality  of  granite  is  affected  by  tlio  foreign  mineralfl 
which  it  may  contain;  hornblende  is  Miid  to  render  it  tough, 
and  schorl  makes  it  quite  brittle.  Tlic  protoxide  and  sul' 
plinretB  of  iron  are  tlie  mt»8t  injurious  in  their  effects  on 
granite ;  the  former  by  conversion  into  a  peroxide,  and  tie 
latter,  by  decomposing,  destroving  the  stniciuru  of  the  stone, 
and  causing  it  to  break  up  and  disint^rate. 

Granite,  gneifis,  and  eienite,  differ  so  little  In  their  casen- 
tial  qualities,  as  a  bnilding  material,  that  they  may  be  used 
indifferently  for  all  structures  of  a  solid  and  diinible  charac 
tor.  They  are  esrtensivelv  quarried  in  most  nf  the  New 
England  States,  in  New  York,  and  in  some  of  the  other 
States  intereeetcd  by  the  great  range  of  primitive  rucks, 
where  the  quaniee  lie  oontigiious  to  tidewater. 

U.  ItXloa  Slate.    The  constitaeDta  of  this  stone  are  quarts 
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and  mica,  tho  latter  prcjoininating.  It  is  ui*«l  princijMill^ 
M  %  ^fiagginy  stone,  and  as  9,  Jire  stone,  or  lining  for  for- 
Paces. 

liL  Buhx  or  Mill  stone.  This  is  a  very  liard,  durable 
Btone,  presenting  a  jwuuliar,  hune^kcuuib  »iii»earunce.  It 
makes  a  g(K>d  building  matorial  for  oomraon  purpoeea,  and 
18  alii)  fluitable  for  road  coverines, 

13-  Horn-stone.  This  is  a  Tiighly  silicious  and  very  Itard 
atone.  It  n;.^(.'!ii1>lefl  flint  in  its  structure,  and  takes  its  name 
from  its  tranAlnccnt,  horn-like  appearance.  It  fumiahea  a 
Tcnr  pood  road  uiateriaL 

14.  Steatite,  or  Soap-stone.  Thia  stone  is  a  pai-tially 
indnrated  tale.  It  is  a  very  ftoft  atone,  not  snitable  for  ordi- 
nary boitdiiig  parp'jees.  It  fnmiabes  a  good  fire^tono,  and 
U  i^ed  for  the  lining  of  firoplacee. 

15.  Talooae  Slate.  This  Ptone  roseroblca  mica  ftlate,  be- 
ing an  a^rcgation  of  qnartz  and  talc.  It  is  applied  to  tlie 
Baxne  parposce  as  mica  slate. 

16.  Sand-stone.  This  stone  consists  of  grains  of  siliiMona 
sand,  arising  from  the  disintegration  or  silicioiis  rocks, 
which  are  united  by  gome  natnral  cement,  generally  of  an 
arvillaceoue  or  a  ailicions  chamctor. 

The  strength,  hardness,  and  dnrability  of  sand-atone  vary 
between  very  \ride  limits.  Some  varieties  being  little  in- 
ferior to  good  granite,  as  a  building  stoiie,  others  being  very 
mh,  friable,  and  difiintoj^rating  rapidly  when  ex|>oeed  to  the 
weather.  The  least  durable  tsand-istoncs  are  tho«c  wliich  con- 
tnin  tlie  most  argillaceous  matter  ;  those  of  a  feldspathic  char- 
acter are  also  found  not  to  witliatand  well  tlie  action  of  tlie 
weather. 

Sand-stone  is  need  very  extensively  ae  a  building  stone,  for 
flagging,  for  road  materials,  and  some  of  its  varieties  furnish 
an  exciillimt  fire-atone.     Most  of  the  varieties  of  Band-stone 

S'eld  readily  under  the  cliiecl  and  saw,  and  split  evenly,  and, 
om  thtso  pri:ijiertie8,  have  received  from  workmen  the  name 
of  ywtf  */f «<*.  The  colors  of  sand-stone  present  also  a  variety 
of  ehfldes,  principally  of  gray,  brown,  and  red. 

Tlie  fonnatiuns  of  sand-stone  in  the  United  States  are  very 
flxtenaivo,  and  a  number  of  rinarrios  are  worked  in  Xew 
En^and.  New  York,  and  tlie  Middle  States.  These  fomia- 
lioas,  and  the  charnetor  of  the  stone  obtaiuci  from  them,  are 
minutely  described  in  the  GmhgiaU  Htporttt  of  then 
Stat<Sj  which  have  been  pnblished  within  tiie  last  few 
jeara. 
ilost  of  the  stone  used  for  the  public  buildingB  in  Wash- 
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ington  tfl  a  Band-etono  obtained  from  qiiarriea  on  Acqnia 
Creek  and  the  Rappab.iniK>ck.  Much  nf  this  stone  is  feldfr 
pathic,  poaaesses  but  little  streit^h,  ntid  ditjtutcgratcs  rapidly. 
Xlie  rea  Band-fitones  which  arc  ii^icd  in  our  large  citiCT  are 
eithei*  fi-om  qiiarriea  in  &  formation  extending  from  the 
Hudson  tu  Nortli  Can^lino,  or  from  a  separate  deposit  in  the 
Valley  of  the  Connecticut  The  most  durable  and  hard 
portions  of  these  formations  occur  in  tlio  neighborhood  of 
trap  dikes.  The  flue  fliL^iog-etoue  used  in  our  cltias  is 
obtttiuud  mostly  either  mjm  the  Ctinnecticiit  quarries,  or 
from  others  near  the  Hudeon,  in  the  Caigkitl  group  of 
mountains.  Many  quarries,  which  yield  an  excellent  bnOd- 
ing  Btone,  are  wurlced  in  the  extensive  formations  along  t!ie 
Appalachian  mngc,  which  extends  throngh  the  interior, 
through  New  York  and  Virginia,  and  the  intermediate 
States. 

IT  ArgiUaoeous  Stones-  The  stones  arranged  under 
this  head  are  mostly  composed  of  clay,  in  a  more  or  lesa 
indurated  state,  and  prcecnting^  a  laminated  structure.  They 
Tftry  greatly  in  strength,  and  are  generally  not  durable, 
decomposing  in  some  cases  very  rapidly,  from  changes  in 
the  metallic  siilphurets  and  salts  found  in  most  of  them. 
The  uses  of  this  class  of  stones  ai-o  restrii^tcd  to  roofing  and 
flagging. 

18.  Kooflng  Slate.  This  well-known  stone  is  obtained 
from  a  hard,  indurated  elav,  the  stirfaoes  of  the  lamina 
having  a  natural  polish.  l*be  beet  kinds  split  into  thin, 
nniform,  ligltt  slabs ;  are  free  from  sulphnrets  of  iron ; 
eive  a  clear  ringing  sound  when  struck ;  and  abeorb  bat 
Bttle  water.  Miich  of  the  n>iling  slafe  quarried  in  tba< 
United  States  is  of  a  very  inferior  quality,  and  booomes 
rotten,  or  deoomposca,  after  a  few  years^  exposure.  Tba 
dnrabitity  of  the  oest  European  slate  is  about  one  hundred 
years  ;  and  it  is  stated  that  the  material  obtained  from  some 
of  the  quarries  worked  in  the  United  States  Is  not  appai-ently 
inferior  to  the  best  forcing  slate  bronglit  int(>  our  markets. 
Several  qiiarrios  of  roofiiig  slate  are  worked  in  the  Now 
England  btates.  New  York  and  Pennsylvania. 

19.  Orayvvaoke  Slate.  The  ocnnposition  of  this  stone 
is  mostly  indurated  clay.  It  has  a  m<.tro  earthy  appearance 
than  argillacoous  slate,  and  is  generally  distinctly  aronaeo- 
ous.  Its  colore  are  usually  dark  gray,  or  red.  It  is  quarried 
princii»lly  for  flai^ing-stone. 

20.  Hornblende  Slate.  This  stoao,  known  also  asgreen-^ 
stone  slate,  properly  belongs  to  the  sUidoiu  cksa.    It  fioa- 
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•irts  mnstlv  of  hornblende  ha^-ing  a  laminated  Btractnre.     It 
i*HiiiirrifiTcbi('l1v  for  flagging-fttoue. 

2L  Calcareous  Stones.  Lime  Ja  the  priii<:ipal  cou^titn- 
ent  of  this  clat«,  the  <;arbonate8  of  which,  knann  ar  Urns- 
etvtitf  and  marble^  furnish  a  lai^  amoitiit  of  ordinai'v  bnitd 
ing  8t«me,  most  of  the  ornamental  stones,  and  the  chiei  in- 
gntlient  in  tlie  conipusitioii  uf  thu  cements  and  iiiortare  ii6e<) 
111  stone  and  brirk  work.  limostone  efforveecca  w)pionsly 
Willi  acids ;  its  texture  is  destroyed  bv  a  strong  heat,  which 
also  driroa  oflf  its  carbonic  acid  and  water,  converting  it  into 
^icJi  lime.  By  absorbing  water, quick-lime  is  converted  into 
a  hydrate^  or  wliat  is  knuvrn  aa  alaJced  lime ;  oousiderable 
heat  is  evolvod  during  this  chemical  change,  and  the  stone 
inoreaaea  in  bulk,  and  gradually  crumbles  aown  into  a  fine 
powder. 

Tlie   limestones  present  great  diversity  in  their  physical 

pro|>ertieii.     Some  of  thorn  seem  as  durable  aa  the  beet  sili- 

ious  stones,  and  arc  but  little  inferior  to  tlicm  in  strengtli 

nd  hardness ;  others  decon))K)«u  rapidly  on  expnenre  to  the 

reatlier;  and  Rome  kindu  are  so  ftoft-,tliat  when  tiint  quarried, 

they  can  be  scratched  with  the  nail,  and  broken  between  the 

fingers. 

Tlie  limestones  are  generally  impure  carbonatefi;  and 
we  are  indebted  to  tlieae  impurities  for  sfime  of  the 
most  beautiful,  aa  Mrell  as  the  moKt  valuable  materiaU  used 
for  constmctiona.  Th(*e  which  aro  colored  by  metallic 
oxides,  or  by  the  presence  of  other  minerals,  furnish  the 
targe  numlier  of  colored  and  variegated  marbles;  while  those 
which  (!onlain  n  certain  pmpoi-tion  of  clay,  or  of  magnesia, 
yield,  on  calcination,  those  cements  whicli,  from  their  po6S»- 
aing  tlie  property  of  hardening  under  water,  have  received  the 
ranoiiB  appellations  uf  ht/dnmlic  liuie,  fcaier  lime,  Homan 
cement,  etc. 

IJinestone  is  divided  into  two  principal  classes,  granular 
limestone  and  compact  limestone.  Kach  of  these  furnishes 
both  the  marbles  an<l  ordinary  building  stone.  The  varieties 
not  euseeptible  of  receiving  a  iKiUsh  are  sometimes  called 
comm-on  bmostone. 

The  granular  limeatoneB  are  generally  superior  to  the 
onmpact  for  building  purnnses.  Thtiee  which  have  the 
finest  grain  are  (he  Itegt,  both  for  niarblea  and  ordJiwry 
building  stone.  The  coarse-grained  varieties  are  frequently 
friable,  and  disintegrate  mpidly  when  cxpo»;d  to  the  weather 
All  the  varieties,  noth  of  the  compact  and  grannlar,  work 
Creoly  under  the  chisel  and  grit-saw,  and  may  be  obtainod 
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In  blookft  of  anj  saitable  dimendosM  for  tbe  hcavitMt  stro^ 
tor«B. 

Tho   i^nmbility  «f  limcetonft  a  tbtt  matcHallv  affected 
03*  tbo  forci^i  minftrab  it  miv  oontun ;   tho    prv*ciic©    of 


ofay  injures  ttie  stone,  jwirticalarlj  when,  as  Bom'utimGS  h»p- 
peiia,  it  runs  tlirfinijh  the  Iwd  in  veiy  tninute  veins:  l>l(icKa 
of  stone  IiAvtng  this  imperfection  booo  separate  alr>n^  thma 
Tolna  on  exposure  U>  moistnre.  Tlie  protoxide,  the  protocar- 
boiialp,  and  tho  nulj^hiirct  of  iron,  are  also  ver^-  dostrnctive  in 
their  i-ffnctn;  frequently  cwiniig,  by  their  uhemical  changes, 
rn]*id  diflintfffrftti'iii. 

Ainon;^  the  variPtiM  of  impnre  (rarlwnates  of  lime,  tho 
mtMrufJtiiin  IIme*li>nes,  called  «h'lotniU4y  merit  to  be  particn- 
larhr  noticed.  They  are  regarded  in  Eiin>[.>e  as  a  superior 
building  material ;  *thc«e  being  citiisidored  the  best  wliicb 
are  mt«t  er^iitalline,  and  nre  conipo»cd  of  nearly  cmial  prx> 


stone  obtained  from  them  being,  in  some  eases,  extremely 
friable. 

Siii.  Marbles. — Tho  term  marhlo  is  now  apnlied  exclu- 
sively to  any  limestones  which  will  receive  a  poluh.  Owing 
to  tlie  cuet  of  preparing  marble,  it  Is  restricted  mostly  in  iia 
tues  to  omauiuutal  purposes.  The  marbles  present  great 
variety,  lioth  in  color  and  apiwaranre,  and  have  gencj-ally 
received  some  appropriate  name  descriptive  of  these  acoi- 
dente. 

23.  Statuary  Marble  is  of  the  purest  white,  finest  grain, 
and  free  from  all  foreign  minerals.  It  recei^*e6  that  defioate 
polish,  without  glare,  wliich  admirably  adapts  it  to  the  pur- 
poses  of  the  sciiVptor,  for  whose  use  it  is  mostly  reaerved. 

S4.  Conglomerate  Marble.  This  consiflts  of  two  varie- 
ties ;  tlio  one  termed  pu'Min^  stone,  which  is  composed  of 
rtjimdcd  pebbles  embedded  in  eompoct  limestone ;  uie  other 
tunned  Itreccia,  coiieistiog  uf  angular  fragments  nnited  in  a 
similar  niiiiMKT.  Tlie  olurs  of  these  marbles  are  gonerallv 
variegated,  fanning  a  verj-  handsome  oniamontal  material. 

iZ&.  Bird'8-eye  Marble.  The  name  of  this  stone  is  de< 
script!  vcuf  tu  appearance,  which  arises  from  the  cross  i>ec- 
tioDB  of  a  peculiar  fossil  {fuamlcx  demUsm)  contained  in 
the  mass,  made  in  thawing  or  splitliiig  it. 

Sd.  liumaohella  Marble.  Tliis  is  obtained  from  a  lime- 
stone liaving  Bholls  embedded  in  it,  and  lakes  its  name  front 
this  clrcuiustauce. 
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27.  Verd  Antique.  This  is  a  rare  and  coetly  varietj ,  of 
a  beautiful  gi-een  lador,  cniisod  by  voins  aud  blotches  of  $fr- 
prn/f'n^  diffused  tlirough  tlie  Uineetone. 

28.  The  lornia  veineff^  goldetiy  Italmn,  /rvih,  etc.,  dven  to 
tlir  tiiarblea  found  in  our  markete  are  sij^iiificnnt  of  their  ap- 
peanuicti,  or  of  the.  iocalitie-'  from  whit-li  tlioy  are  pntcured. 

29  Limestone  ia  so  extensively  diffused  throughout  thfi 
United  Plates,  and  quarried,  either  for  building  fetonc  or 
to  funiiflh  lime,  in  fo  many  lowilities,  that  it  would  be  Im 
practicable  to  euutnerate  all  nnthin  any  mcxlerate  <!<>mj>a8B. 
One  of  the  most  remarkable  formations  of  tliistttono  cxtenda, 
in  an  uninterrupted  lied,  from  Canada,  through  the  State*  of 
Vermont,  Mass.,  Omn.,  New  York,  New  Jersey,  Penn.,  and 
Virg.,  and  in  all  probability  much  further  south. 

llarbles  are  quarried  in  varlouR  hx>jiIiticH  in  the  Unitoil 
States.  Among  the  most  noted  are  the  quarriea  in  Berk- 
shire Co.,  Haas.,  wliich  furnish  botlt  pure  and  vari^atcd 
iiiaHdea ;  thoee  on  liie  Potomac,  from  which  the  oolumns  of 
oonglomerate  marbles  were  obtained  that  arc  seen  in  the 
interior  of  the  Capitol  at  Washington;  several  in  New  York, 
which  furnish  white,  tho  birdV-eyo,  and  other  vari(«»tod 
kinds:  and  some  in  Conn.,  which,  among  other  vanotieft, 
fnmian  a  xerd  antique  of  handsome  quality. 

Limestone  is  burned,  eitlier  for  building  or  a^enltural 
purpoeee,  in  almost  every  locality  where  depmits  of  the 
Etone  occur.  Thomaston,  in  Maine,  has  snnphed  for  some 
years  most  of  the  markets  on  the  sea-boara  with  a  material 
wliich  is  comidered  as  a  superior  arttrlo  for  nrdinary  bnlhl- 
ing  porpoeea.  One  of  the  greatest  additions  to  the  building 
rMOorcea  of  oar  country  was  made  in  tJic  discoveiy  of  tlie 
hydraulic  or  water  limestones  of  New  York.  Tlie  proi>ara- 
tion  of  thie  material,  so  indispensable  for  all  hydranlic  works 
and  heavy  structures  of  stone,  is  carried  on  extensively  at 
Kondout,  on  tlic  Delaware  and  Hndtw:)n  canal,  in  Madison  Co., 
and  is  sent  to  eveir  part  of  the  United  States,  ])eing  in 
great  demand  for  all  tne  public  wnrka  carried  on  under  the 
superintend  en  ce  of  our  civil  aud  military  engineers.  A  not 
lew  valnablo  addition  to  our  building  matcrinls  has  been 
made  by  Prof.  W.  B.  Rc^rs,  who,  a  few  years  since,  direct 
ed  the  attention  of  engineers  to  the  dolomites,  for  their  good 
hydranlic  properties,  From  experiments  made  by  Vicat, 
In  France,  who  fir«t  there  olwcrvcd  the  same  pro}ierlieB  in 
the  dolomite,  and  from  those  in  our  country,  it  appears  higldy 
pr<)bable  tliat  the  magnesian  limestones,  containing  a  cer 
tain  proportioii  of  magnesia,  will  be  foimd  fully  eqnal  tc 
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tho  arg.llaiteous    from   which  hydraulic  Itme  hM  faitllflrtc 

been  eolelv  obtaiiuMj. 

Both  of  tlietto  linicsLoncs  heloiij^  to  very  extensive  forma- 
tions.  The  hydraulic  liniofttoiiea  of  New  York  occur  in  a 
dopoeit  called  the  Wator-Iime  Oroup.in  the  Geological  Snrvor 
of  Kew  York  corresponding  to  formation  VI.  of  Prof.  H, 
B.  Rogers*  arrangement  of  uie  roeks  of  Ponn.  This  fonoa- 
tion  is  co^jctensive  with  the  Helderberg  Range  as  it  crosses 
New  York ;  it  h  expjeed  in  many  of  the  vallejn  of  Ponn. 
and  Vir.,  woAt  of  tho  (rreat  Valley.  It  may  he  sought  for 
juat  below  or  cot  far  beneath  the  Onskany  Band-ptonea  of 
tho  New  York  Survey,  which  correspond  to'  formation  VIL 
of  Rogers,    Thia  eaiKl-etone  ift  easily  recognized,  being  of  a 

{'cllowifth  white  color,  grannlar  textnre,  witii  large  cavities 
eft  by  decayed  Bhells.  The  limestone  i»  tienall^'  an  earthy 
drab-oolorcd  rook,  Bometiinea  a  grconiah  blue,  which  doea  not 
ilako  after  Irein^  burned. 

Tho  hvdraulic  niH^csian  limestones  belong  to  the  for- 
mations tl.  and  V^I.  o?  Rtrcrere;  the  firet  uf  ihe^  is  the  same 
as  the  Black  River  or  Mohawk  Umoatono  of  tho  New  York 
Survey.  It  is  the  oldest  fossil  if  erous  limestoue  In  tho  United 
State?,  and  occurs  throughout  tlie  whole  bed.  associated  with 
tJhe  filaiefl  which  oocnpy  formation  III.  of  Ko^'r*.  and  are 
called  tho  Hndaon  River  Group  in  the  New  Ynrk  Survey. 
This!  extensive  bed  lies  in  the  groat  Apmlut-hinn  Valley, 
known  as  tho  Vallev  of  Lake  Cliflinplain,  Vallcv  of  ihe  IlnJi- 
K»n,  as^  far  as  the  iXighlands,  Cumberland  Valley.  Valley  of 
Virghiia,  and  Valley  of  East  TcnncBBee.  The  same  stone  is 
found  in  the  depiwils  uf  soirio  of  tho  western  valleys  of  the 
mountain  region  of  Penn.  and  Virginia. 

Thus  for  no  dcnosita  of  hydraulic  limestones  have  been 
fonud  on  the  Pacinc  Coast. 

Tho  importance  of  hydranltc  lime  to  the  security  of  etrno- 
tores  exjiodcd  to  constant  moisture  rondera  a  knowledge  of 
the  ffeologicnl  jKifiitions  of  those  limcstonce  from  winch  it 
em  TO  obtained  an  object  of  great  interest.  Fmrn  tho  rcfsnlts 
nf  the  various  geological  surveys  made  in  the  United  States 
and  in  Europe,  limestone,  poeee«iing  hydraulic  jirojicrties 
when  calcined,  may  be  looked  for  among  these  beds  which 
are  found  in  connection  with  tho  */wi/m,  or  other  arglUaceona 
deposits.  Tho  celebrated  Roman  or  Parker's  v^merUy  of 
England,  which,  fiwrn  its  prcnipt  induration  in  watorj  has 
become  an  imp<>rtant  article  of  commerce,  is  manufactured 
from  nodules  of  a  c<.incretionnry  argillaceous  limestone,  called 
tepturifij  from  being  traversed  by  veins  of  sparry  carbonate 
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sflime.    Nodules  of  thia  oharactor  are  foniid  in  Maai.,  and 
ID  some  other  States;  and  it  ia  pi-obable  they  would  vield,  if 

isitAblj  caluiited  and  ground,  an  articlo  in  nowiBe  inferior  to 

tiaX  imported. 

aO.  GYPSUM,  or  PLASTER  of  PARIS.    This  stone  i» 
I  sulphate  uf  lime,  and  bw  rtipisived  its  imnii!  h-om  the  exteD- 
dre  nw  rnado  of  it  at  Parid,  and  iu  its  ucighborLood,  where 
it  19  quarried  and  sent  to  all  parts  of  the  world ;    being  of  a 
Bperior  q^uality,  owing,  it  is  stated,  to  a  certain  portion  of 
ourbonate  of  lime  which  the  stone  contains.    Gypsum  is  a 
Tsi^  5oft  Stone,  and  is  not  naed  as  a  building  stono.    Its  chief 
□tility  is  in  furnishing  a  beiiutifiil  material  for  the  ornamental 
caj&ts  and  monldiugs  in  t)ie  interior  of  edifices.     For  this  pur- 
pose it  is  pre)>are(rby  calcining,  or,  as  the  workmen  term  it, 
Uf-iiing  the  stone,  until  it  is  deprived  of  its  water  of  orystal- 
llzation.    In  this  state  it  is  made  into  a  thin  past«,  and  poured 
in^o  moulds   to  ft^rm   the  cast,  iu   wliich   It  luudeus  very 
pr'ompLly.    (^luincd  plaator  of  Paris  is  also  used  as  a  cement 
fox*  stone ;  but  it  is  eminently  unfit  for  this  purpoee ;   for 
inrlieo  exposed,  in  any  situation,  to  moisture,  it  abeorha  it  with 
&^-idity,  ftwelltt,  cnicks,  and  uxfoliat^s  rapidly. 

Gjpsuut  h  found  in  various  localities  in  the  United  States. 
K«aivii  quantities  of  it  are  quarried  iu  ^ew  York,  both  for 
fc>'pilding  and  agricnltural  purposes. 

8L  DURABILITY  OP  STONE.  I'he  most  important 
'properties  of  stone,  as  a  building  material,  are  its  durability 
lUiaer  the  ordinary  cirunmslanees  of  exposure  to  weather  ; 
iti  capacity  to  ftnstain,  without  change,  high  degrees  of  tem- 
perature ;  and  its  resistance  to  the  destructive  action  of  fresh 
and  salt  water. 

The  wear  of  stone  from  ordinary  exposure  is  very  variable, 
depending,  not  only  upon  the  texture  and  constituent  clcntcuts 
of  the  stone,  hut  also  u])on  the  locality  and  position  it  ma^  oo- 
cupy  in  a  stmcturtj.  with  respect  to  the  prevailins;  dnwng 
nint.  The  c'licmi»tandgeo1ogi(>t  Imve  not,  thus  far,  uid  down 
any  infallil>le  rules  to  guide  the  engineer  in  the  selection  of  a 
material  that  may  be  pronounced  durable  for  the  ordinary 
period  allotted  t<j  tlio  works  of  rnan.  In  truth  the  subject  iid- 
mits  of  onlv  genemi  indications  ;  forsUnics  Iiavlng  iht*  statue 
texture  miJ  chemical  composition,  from  causes  not  fully  as- 
oertoinod,  nro  found  to  possess  very  different  degrees  of  dura- 
tion. This  has  been  particidarly  noted  in  feldspathic  rooks. 
As  a  general  role,  those  stones  which  are  fine-grained,  absorb 
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Icafit  water,  and  are  of  greatest  epecificgravitj,  are  aluo  moet 
(liimble  under  ordinttrj*  exposures,  l^o  weight  of  a  fetoiie, 
however,  mav  arJso  fn^ni  a  largo  proportion  of  iron  in  theslHte 
of  a  protoxide,  a  circimistanw  generally  tmfavorable  u>  iw 
diinibility.  Besides  the  various  uicmical  combinationB  of  iron, 
potash  and  clay,  when  found  in  considerable  qiiantttice,  both 
tn  the  prinmrv  and  sedimentary  Rilicioos  nx:ka,  greallv  affect 
their  dnrabibty.  The  potash  contained  iu  feldspar  djSBolTea, 
and,  carrying;  off  a  ixmeiderable  proportion  of  the  eiUca,  leavee 
nothing  bat  aluminous  matter  t>ehi]id.  The  clay,  on  theodter 
huad,  absurlw  water,  t>eoome8  »oft,  and  cauties  the  stone  to 
cmmblo  to  pieces.  Iron  in  the  fonii  of  protoxide,  in  bohiq  caaca 
onlj^  discolors  the  stoue  by  its  uotirersion  into  a  peroxide. — 
This  discoloration,  while  it  greatly  diminiebcs  toe  value  o£ 
euino  fitoncs,  as  in  white  marble,  in  oUiers  is  not  disag^recable 
to  the  eye,  producing  often  a  mottled  appearance  in  buildings 
which  adds  to  the  picturesque  effect. 

82.  Fro6t,  or  rather  tlie  alternate  actions  of  freezing  and 
thawing,  is  tJio  most  destructive  agent  of  Nature  witli  whicJi 
the  engineer  has  to  contend.  Its  dfecla  vary  witli  the  texture 
of  stones  ;  those  of  a  fi&silc  nature  u&ually  splitting,  while  IIm 
more  porous  kinds  disintegrate,  or  exfoliate  at  thu  surface. — -^ 
When  stone  from  a  new  qnarryisto  be  tried,  the  bestindicatiou 
of  its  resistance  to  frost  may  be  obtained  from  au  cxaminatiou 
of  any  rooks  of  the  eaino  kind,  within  its  vicinity,  winch  are 
known  to  have  been  exm^eed  for  a  long  period.  Submitting 
the  stone  fresh  from  the  quarry  to  tlic  direct  action  of  freez- 
ing would  seem  to  be  the  most  certain  test,  were  the  stoue 
destroyed  by  tlio  e.xpanaive  aetion  of  the  frost ;  but 
besides  the  uncertainty  of  this  test,  it  is  known  that  some 
stones,  which,  when  6r8t  quarried,  arc  much  affected  by  froat, 
splitting  under  itB  action,  become  impervious  to  it  after  they 
have  losttbo  moisture  of  tlic  qunrrv,  as  they  do  not  re-absorb 
near  so  Luve  an  amount  a.4  they  bring  from  the  quarry. 

88.  M.  nrard,  a  French  cheimst,  nas  p^ven  a  pnjcess  for 
woertaining  the  effects  of  front  on  etcivc,  which  has  met  with 
the  approval  of  mauy  French  arcliiieetK  and  eugineera  of 
standing,  as  it  rxirresj Hinds  with  Uieir  oxpericuca.  M.  Hrard 
directs  that  a  Btnall  cubical  block,  about  two  inches  on  tlie 
edge,  shall  be  carefully  eawed  from  the  stone  to  be  tested.  A 
coul  saturuled  solution  of  sulphate  of  soda  is  prepared,  placed 
over  a  fire,  and  lirought  to  the  boiling  point.     Tue  stone,  sus- 

J  tended  from  a  string,  is  immersed  in  the  boiling  liquid,  lud 
cept  there  during  tlilrty  minutes;  it  is  tlien  carefully  with- 
drawn ;  the  liquid  is  decanted  free  fnnn  sediment  into  a  Dot 
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,  uid  tlie  etoDe  i&  sttspeiidcd  over  it  in  a  ooul  cellar.    An 

^Bfltttoenue  of  tlie  salt  boou  maked  its  appearance  on  the 
Mobs,  when  it  must  be  a^iii  dip^tcd  into  mo  litjiiid.  This 
ihodd  be  done  ohoas  or  more  frequently  during  (he  day,  and 
tbupn>ce«B  be  continued  in  this  wav  for  abont  a  week.'  Tlie 
Mflnr  sediment,  found  at  the  end  ur  this  period  in  tlio  veuel, 
b  wMgfaed*  and  itA  niiaiitity  will  give  an  IndicAtion  of  the  like 
sSboC  of  froet.  This  proeesa,  with  the  ot^ciai  statt^ment  of  a 
eofflmiasioa  of  engiueera  and  architects,  by  whom  it  waa  test* 
m),  is  minutely  detailed  in  vol.  38,  Annalea  de  CKitnis  et  da 
Pkytipte^  and  the  results  are  such  as  to  commend  ic  to  the 
■Itflntioi)  of  eii<(iiieer8  in  submitting  new  stones  to  trial. 

84,  From  more  recent  exporinionU  by  Dr.  Owen  it  was 
found  tluU  the  resnlts  obtained  by  expoetng  Uie  mure  porous 
Moncs  to  the  alternate  action  of  freezing  and  thawing  during 
•  portion  of  a  winter  were  very  different  from  those  resulting 
^m  Brard's  metJiod,  owing  to  the  action  of  the  salt^  being 
dicmical  as  well  as  DiechamcaL 

35,  By  the  aberirplion  of  water,  stonoe  boeome  softer  and 
more  fnablc.  The  materials  for  road  coverings  should  be 
lelocted  from  those  stones  which  ahiiorb  least  water,  and  are 
also  hard  and  not  brittle.  Granire,  and  its  vnricticH,  lime- 
atoDc^  and  uoniinou  sand-sU^nc,  do  not  make  gotjd  ruiid  mate- 
rials of  broken  stone.  All  the  hornblende  rocks,  porphyry, 
compact  feldspar,  and  the  qnartsosc  rock  associutcu  with 
graywache,  funiish  good,  durable  road  C4:>venng^.  The  fine- 
grained  granites  which  oontain  but  a  small  proportion  of  roicaj 
the  tinc-grmined  silicious  sand-stuiios  which  are  fi'ec  from  clay, 
aiid  i:arbunnte  of  lime,  form  a  dumblo  niatcriul  when  used  m 
Mocks  for  paving.  Mica  slate,  tuh-ose  eliite,  honiblendo  slate, 
•omc  vurietics  of  gneisB,  some  varieties  of  saiid-titoiie  of  a 
slaty  structure,  and  graywacke  slate,  ^-icld  exi-cUcut  materials 
Cor  fla^tone. 

36.  The  influence  of  locality  on  the  dtirability  of  stone  is 
very  marked.  Stone  is  obeened  to  wear  more  rapidly  in 
cidea  than  in  the  country  ;  and  the  stone  in  tho«e  parts  of  edi* 
Gees  exposed  to  the  prevailing  rains  and  winds,  soonest  exhib- 
its atgns  of  decay.  The  disiut<^ratiou  of  the  sti-atifu^d  ntoiies 
placed  io  a  wall  is  mainly  effected  by  the  po^ition  which  the 
strata  or  yuarrj/  bed  receives,  with  respect  to  the  exposed  sur- 
fiue ;  proceeding  faster  when  the  faces  of  the  strata  are  ex- 
poaed,  than  in  the  contrary  poettion. 

87.  EFFECTS  OF  HEAT.— Stonca  which  reaist  a  high 
dc^pree  of  heat  without  fusing  are  nsed  for  lining  furnace^ 
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ftnd  are  termed  fire-stonei.  A  gcfod  fir&«toae  diobld  not  oofy 
be  infusible,  but  aUo  not  liable  to  crack  or  exfoluUe  froni 
\w»L  SUmes  that  cuiilain  lime,  or  ttiAfncsift,  except  in  tlie 
form  of  ftilicatea,  ore  uatuUjr  muuitable  tor  firMtonea.  Soma 
pumiu  ailiciuiu  Umestoues,  ■»  well  as  some  gypsoDS  siliciotu 
roulu,  rwiftt  tnifderalc  duf^reos  of  beat.  Stoties  that  contain 
much  potattli  are  very  fiiaible  under  high  tempentsiw,  mn* 
lUD^  into  B  gloMy  6nl>^tance.  Quarts  and  niica,  in  variooa 
oombijitttiimB,  fimiiiih  a^icA  fire-aU»ue;  aa,  for  example,  finely 
granular  qnartz  with  thin  IsTora  of  mica,  mica  slate  of  the 
wme  Btructnrv,  and  eonie  kinds  of  gneisa  which  contain  a 
largo  pruporticm  of  arenaceous  quartz.  Several  varieties  of 
sand-fttone  make  a  good  lining  for  fnmacee.  They  are  usual- 
ly tbcee  varietiea  which  are  free  from  feldspar,  somewhat 
porous,  and  are  nncr^'fitallized  in  the  mass.  TalooM  slate  lik«- 
wise  fumislioe  a  good  fire-atone. 

88.  REISISTANCE  TO  ATTRITION'.— Hardness  ia  ac 
enential  quality  in  stone  exposed  to  wear  from  the  attritioa 
c£  hard  bodice.  Stones  selected  for  paving,  fla^ng,  and 
stops  for  stairs,  should  be  hard,  and  oi  a  grain  sufficiently 
ooarsQ  not  to  admit  of  1)Gcomiug  ver^  smooth  nndor  the  action 
to  wliich  thoy  are  submitted.  As  great  hardness  adds  to  the 
difilculty  of  working  Btone  witli  tlic  cliisel,  and  to  the  cuAt  of 
the  prepared  mat«ri&J,  builders  prefer  the  softer  orfree-^tonaM^ 
SDcb  as  the*  limestonea  and  sand-Atones,  for  most  bnilding  pur- 
poses. The  following  are  some  of  the  results,  on  this  point, 
obtained  from  oxporiment : 

2'abU  sAawing  th«  retuU  of  cxMiimmti  made  undar  ths  di- 
rtctwn  of  Mr.  Walker,  on  ths  wear  of  different  atones  in 
ih4t  trrimway  on  (Jie  VonimercuU  lioad^  Loiidm\^  front 
27(!A  March^  18»0,to  24^  Au^wit,  1S31,  Awi^  apimod  of 
Mventeen  months.     Trarwactioru  of  (Hxrii  Suffirt^ers,  vol.  1 


Uta*  tit  men*. 

Ortclnftl  •mgtit. 

LoHDf 
WMT. 

■op.  toot. 

tOMM 

v<rk 

qra.       Ub. 

OntnTMty 

4.784 

1     ia.73 

4.A0 

o.a.11 

1.000 

Hnrm»  .... 

8.8S0 

8      84.35 

8.80 

7.78 

1048 

1.109 

Itudl«     .... 

fl.sae 

0      16.7S 

IfiSS 

i.aes 

PrtwbMd  (Una)  . 

8.484 

\     rao 

0.2a 

1.79a 

1.887 

BaytoT        .     .     . 

4.SI3 

0      18. 9S 

8.25 

I.fiI8 

8.014 

AbaidMB  (rad) 

5.878 

a    11.50 

tl.50 

2.199 

2.249 

Dftitmoor   ,     .     . 

4.SO0 

a    ».oo 

12  SO 

S.T78 

soai 

4>wd»ta  iUm)    . 

4.aea 

fi 

a    16,00 

14.75 

8.008 

3.ai8 
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Jbe  Comniercial  Road  Btoneway  consistjt  of  tn-o  parallel  linea 
rf  r?"'*"^'!^  tramstoiies,  18  inches  wide  bv  12  inches  deep, 
imJ  joititwl  to  each  otiior  endwise,  fur  tJio  w-lieela  to  travel  on, 
nitli  »  W'ininon  street  jMvemeiit  between  for  the  horses. 

Ttie  following  table  gives  the  results  of  some  experiments 
gathe  "V^  of  a  fine-graitied  sand-stone  pavement,  hv  M. 
Onvjli'iilui'i^  eight  years,  upon  tlic  paved  road  from  l^aris 
toTouloDfie,  the  earrinec  over  which  is  about  !>W  tuns  daily, 
poblislied  in  the  Amuues  dea  Ponis  et  Chaimees,  for  March 
ud  April,  1834: 


ToAhm  of  ««tar  kbiorlwid  ttr  *»* 

Vitofil  Afk 
(nbtekat 

dqr    ttaor  kftsr  oiu>  ilaj**   im- 

KMBMrad 

in«ntoM,  gutuputd  wtth  thai  vf 

mmr. 

ttottono. 

IBBItK 

Necl«ct«d  H  Inaeiuthle. 

0.10SS  inflb. 

154" 

n 

rt.1068    " 

I5fl" 

•• 

0.1209    " 

IM" 

\  in  Tolnnw. 

o.aiaj   " 

li8" 

iS 

0.W77    " 

ILCDrtolts  remark!-,  that  the  weight  of  water  abfM-trl*ed  af 
brdsone  of  tlie  best  indit-ations  of  the  durability  of  the  tine- 
id  8and-«tnne8  n*ed   in     France  for    pavements.      An 
qiaUy  good  te«t  of  the  relative  durabilitv  of  Plones  of  the 
He  Kiud,  H.  Goriolis  states,  is  the  more  or  le«6  eloaniess  of 
'lonnd  given  out  by  striking  the  stono  with  a  hammer. 

Tlie  following  results  are  taken  from  an  article  by  Mr. 
Jamee  FoMt,  Cm.  Engineer ^  inserted  in  the  Journal  of  t/tt 
Franklin  fnftititte  for  Oct.  1835.  on  the  resistance  of  various 
iiiihstanoea  to  abnuiion.  Tlic  snlistant.'cs  were  abradiK)  against 
t  piece  of  white  statuar}-  marble,  which  was  taken  as  a  stand 
»rd,  represented  by  100,  by  means  of  fine  eraery  and  sand. 
The  relative  resistance  wba  calculated  from  the  weight  h«t  by 
each  enlMtauce  dnring  the  operation. 


CofrtparaUve  Hetutance  to  Abrasion. 

Abadeoi  rnuito 080 

Hud  Torinhlra  p«ving  tfone , 827 

Ualtu  bbck  muUe 8430 

KtUKonj  btack  marble. 110 

IStatmary  ifarbU 100 

Old  PoitlMul  itoDe 79 

Bnua  Gemsnt  stone 60 

Floe-gnuicd  Ka«c«atl«  ffrtndgtoDe BS 

Stock  bbek 84 

Oou*»>gndii«d  Nvwoutis  griodctoos 14 

BubttoM 18 

a 
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88.   CLASSIFICATION   OF    LIME.— Confiidcied     u    ft 

biiililing  iitiit^riiil,  lime  ia  now  usually  divided  into  three  prin- 
cipal (.rhisses :  Cammon  or  Air  lime^  Hj/draulic  linUt  and  Hjf- 
dniiUU-^  or  \i'a/er  cement. 

39.  Cotniiion,  or  air  liino,  la  bo  called  heeaago  the  p&sta 
made  from  it  with  water  will  harden  only  in  the  air. 

40.  Hydraulic  lime  and  hydraulic:  cement  both  take  their 
name  fn_iin  hardening  under  water.  Tlie  former  difTen  fmm 
the  latter  in  two  eset'ntial  jK>int8.  It  slakes  tJwirongldy,  like 
eomnion  lime,  when  df^irived  of  its  carbonic  acid,  and  it  does 
not  hanlen  promptlv  under  water,  llydi-anlic  clement,  on  the 
contrary,  does  not  slake,  and  tisnally  hardens  very  soon. 

4L  Our  nomeuelature,  with  r^ard  to  these  aubetances,  ia 
etfll  quit©  defective  for  scientific!  arrangement.  For  the  lime- 
stones wliich  peld  hydraulic  lime  when  completely  calcined, 
also  give  an  hydraulic  cement  when  depriveci  of  a  portion  only 
of  their  carbonic  auid ;  and  other  limestoiicB  yield,  on  c;ulci- 
nation,  a  result  which  ean  neither  be  termed  limo  nor  hydraulic 
oemeut,  owing  to  its  sliiking  verv  imperfectly,  and  not  retain- 
ing the  hariliu.-ss  which  it  t|tuukly  takes  when  tircit  placed  un- 
der water. 

M.  Vicat,  whose  able  researches  into  the  properties  of  lima 
and  mortare  are  so  well  known,  has  propoeed  to  apply  the  term 
oemant  limestone*  (oa/^rairM  a  ohnent)  to  those  etonee  which, 
when  completely  calcined,  yield  hydi'aulic  cement,  and  which 
under  no  degree  of  calcination  will  give  hydranlic  lime.  For 
the  limestones  which  yield  hydraulic  lime  when  completely 
calcined,  and  which,  w*heu  suliiected  to  a  degree  of  heat  insuf- 
ficient to  drive  off  all  their  carbonic  actd,  yield  hydrHulic  ce- 
ment, he  proposes  to  retwn  t!io  name  hydraulic  limestones; 
and  to  call  the  cement  obtained  from  their  incomplete  (»loi- 
natiou  under^urnt  liydniulic  eetuent  {cimetiU  d'iwuif^  to 
diatingubili  it  fn)m  that  obtained  from  tlie  ca-inent  et«>ne.  WitJIi 
respect  to  those  limestones  which,  by  calcination, give  a  result 
that  partakes  partly  of  the  proportieft  both  of  limes  an<l  ee 
ment«,  he  pi-oposes  fijrlhum  the  tuuaeoidividifu/hm^{chauai 

The  tenus^^  and  meaner  are  also  applied  to  limes;  owing 
tc  the  difference  in  tlio  quality  of  the  paate  obtained  from 
them  with  the  same  quantity  oi  water.    Ilie  fat  limoa  give  a 
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putcwhichisnnctnouB  both  tothe  Bight  and  toQcb.  The  meager 
unies  yieM  a  thin  paste.  These  names  wore  of  some  impor 
(aiicc  when  tint  iutrcxluced,  as  tbej  served  to  diHtingiii»h  (com- 
mon fpori)  hydmiilic  lime,  tlie  former  being  alwuvs  fat,  Oie 
Utter  meager;  but,  later  experience  having  Khown  that  all 
meager  limes  are  not  h^t'draiilic,  the  terms  are  no  longer  of 
Qse,  except  to  designate  qualities  of  the  paste  of  limes. 

42.  Hydraulic  Limes  and  Cements.  Tlie  limoetones 
which  ^neld  tlieee  eubetancea  are  either  arffUlaceous,  or  maff- 
netian,  or  aTgUlo-magneaian,  The  products  of  their  calcinir 
tiun  vary  considerably  in  their  hydraulic  properties.  Some 
of  the  hydraulic  limes  harden,  or  set  verj'slowW  nnder  water, 
while  otlicrs  set  rapidly.  The  bydraolic  cements  set  in  a  very 
short  time.  Tliis  diversity  in  the  hvdranlic  energy  of  the  ar- 
gUIaoeous  limestones  aris&s  from  llie  variable  proportions  in 
which  the  lime  and  clay  enter  into  their  composition. 

43,  M.  Petot,  a  civil  engineer  in  tlie  Frent-li  sennce,  in  ao 
able  work  entitled  liecherfJi^g  »ur  la  Ofuiujfoiimariey  gives 
the  followuig  table,  exhibiting  these  combinations,  and  ths 
results  obluincd  from  their  calcination. 
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1V1117  fftt  lime. 
[lAioa  Ik  little  hydraolick 
do.    quiio  hjilraalia 
do.  do. 

Plutio.  ot  bydraiUic  cement 
do. 
do. 
ColAftreooii  pimoUno  (brick). 
do.  do. 

doi.  do. 

Pttwobino  of  pnre  cly  do. 


D(idiK]t]*D  eliAncien  of  tbo  p«iNloet& 


Incitpitblc  of  bardenisg  in  wAtcr. 
Blttki-n    like   puN    lime,    when 
pro[H>rlY  ouoined,  aad  hud- 
ens  under  wktvr. 
Dosi  not  cUke  ooder  aoy  oir- 
comite&oM,  Bod  turdeu  un- 
der water  with  npfdity. 
Doom  not  alAke  nor  hoidfin  on- 
dor  water,  nnlew  mixod  with 
«  iaX  or  *a  hj'diaalie  Un^ 
^me  aa  the  proeediag. 


44.  The  moat  celebrated  European  hydraulic  cements  are 
obtained  from  argiUat:eou8  limestones,  which  ^-arv  but  sli^tly 
in  llieir  conBtituent  elements  and  properties.  The  ftOltiwing 
table  gives  thn  results  nf  anal^'ses  to  determine  the  relative 
proDortioDS  of  Ume  and  clay  in  these  cements. 


» 
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Tabla  of  F&rexgn  IlydraiUio  Cemtnt9y  Mhmoing  the  relativi 
^roportums  of  Olay  and  Lime  contained  in  tKtm. 


UKujtn. 


BnglUh,  leommeniif  knavn  fu  Parka'a,  or  Roman  ernimt). 
Tiraoh,  (made  from  Boviogne  p«ftUM) 

Do.        {PavHig) 

Do.  do , 

Do.        f,Baitt)    

KoMiao. . .  .*■..•«..•■ •.■•>..••.••••■•<••> 


Otaf. 

44.00 

411.00 
S7.I4 


55  40 
54.01) 
43.80 
89.a7lO8.08 

si.wTS.as 

QS.ooas.rM 


The  hydraulic  cementfl  iiflod  in  Rii^lAnd  are  obtained  fmin 
various  IwAlitiea,  and  differ  but  little  in  the  relative  pi-opor- 
tions  of  lime  and  clay  found  in  tbcni.  Parkci^e  cement,  ao 
called  fi-oin  tlic  name  of  the  person  who  first  intmdnced  it,  is 
obtained  by  calcining  nodiiloa  of  wptariffl.  Tlie  compoftitinn 
of  these  nodules  is  tiie  same  aa  that  of  tlte  BmUo'jrie  pehhlea 
found  on  the  opixwite  coast  of  France.  The  stonea  which 
furnish  the  EnKh»h  and  French  hydranlio  cements  oontaiu 
but  a  very  email  amount  of  magnesia. 

4&.  A  nydraulic  cement  V.\io\\nlaA\^9X^\ni^.  PoHlaiid  cement 
is  niauHftictured  in  France,  at  Boulogne,  wlier«  the  etone, 
which  is  Tcrv  ftfift,  is  found  underlying  tlic  strata  which  fur- 
nish the  IJoulogne  pebbles. 

46.  The  beat  kiiowni  hydraulic  comcnta  of  tlie  United  States 
are  manufactured  in  the  State  of  Now  York.  Tlie  following 
analyeee  of  wme  of  the  hydraulic  Umeetones,  from  the  most 
noted  local itic8jj)ubHghc<l  in  ilie  Geolomcal  R&ftort  of  the 
8tnU  of  Nev)  Torkj  1839,  are  given  by  Dr.  Bcck. 


Ani<Uy9is  of  tft^  Manlitu  HydravUo  Limeetone, 

CwbonkiMid. 89.80 

Ltm* , MtM 

Xwnfliik. 18.80 

SUioksnd  klandna 1B.50 

Oxld«  of  iron .,.• 1.25 

VohtuKuid  loM t.4t 

100.00 


This  etone  belongs  to  the  same  bed  which  jielda  the  by* 
dnnlic  cement  obtained  near  KiujistoD,  in  Upper  Canada. 
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AnaisftU  of  the  Chiti*mango  Hydraulic  LimettonCy  btfnr* 
and  after  calcination. 


Cnlntat, 

BBmi. 

30.88 

SO.OO 

17.88 

11.70 

3.73 

1.00 

l.SO 

10.00 

89.  SO 

aEr^::;.-.:-:::;::: 

82.87 
10.50 

jUQmiiu  HDd  oxidB  of  iroa. . 

10.77 

100.00 

100.00 

AntUytit  of  tht  Hydraulic  Limeetone  from  Ulster  Co.^ 
M&ny  tn«  Una  of  the  Delaware  and  Hudson  Canalj  befon 
and  after  burning. 


TTabonkk. 

BociL 

81  SO 
35.80 

12.36 

ll>.37 

9.13 

i.a> 

6 

87  90 

10.  U 

23.73 

13.40 

a  SO 

■  tJJO 

lOCf.OQ 

100.00 

The  hydraulic  cement  from  this  last  locality  has  become 
genenUy  well  kuowu,  having  been  succepsfiilly  used  for  most 
of  tlie  military  and  ci^il  public  works  on  the  sea-hoard. 

From  the  results  of  tho  analyses  of  all  the  above  lim« 
stbnoB,  it  appea»  that  the  projiortioDS  of  lime  and  clay 
contained  iu  tliem  place  tliom  under  the  head  of  hydraulic 
oemeDts,  acoordin^  to  the  claeeltication  of  M.  HetoL  They 
do  «ot  slake,  and  they  all  set  rapidly  under  water. 

47.  The  discovery  of  the  hydraulic  pi-opertios  of  oorlain 
nugnefiian  liiuestonea  is  of  recent  date,  and  is  due  to  M. 
Ticat,  who  lirst  drew  attention  to  the  subject  ^  Yicat 
incUi^  to  the  opinion  tlia'  inafiinesia  alone,  without  Uio 
preeenco  of  some  clay,  will  yiela  only  a  feeble  hydi-atiliu 
tiuie.  He  etatos,  that  he  lias  never  l>eeu  able  to  obtain  any 
other,  from  proceeding  synthelJCHlly  vritli  common  lime  ancj 
maguesia ;  and  titiit  ne  knows  of  no  well-antlienticated  in- 
stance in  which  any  of  the  dolomites,  either  of  the  primitive 
or  tnuisition  fonnatlmia,  have  yielded  a  good  hydraulic  lime. 
Hie  etouee  from  these  formations,  he  statce,  are  devoid  uf 
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vlaj;  beiug  very  pure  crvst&Iline  carbonates,  or  else  contain 
■ilox  onl^  in  the  state  of  fine  aaiuL  From  M.  Vicat'a  experi 
tnenta  it  U  rendered  certain  tliat  carbonate  of  mafiicem  ic 
•ombination  with  carbonate  of  lime,  in  proportion  of  40  part« 
of  the  latter  to  from  30  to  40  of  tlie  former,  will  produce  a 
feebly  hydraulic  lime,  which  does  not  a])pear  to  increaie  iu 
hardncn^  after  it  has  once  set ;  but  that,  with  the  aame  pro- 
portions, some  hundredths  of  day  are  recjniftife  to  give 
hydraulic  energ}-  to  the  compound,  Tliia  proportion  of  clay 
M.  Ticat  Bupposes  may  cause  the  formation  of  triple  hydrv- 
sili4mtes  of  linio,  alumina,  and  magneaia,  having  all  the 
cltaracteriBtic  pro|>ertie3  uf  good  hydraulic  lime. 

48.  The  hvnraulic  proj»ortie«  of  the  tnagnoHian  limoatones 
of  tlio  United  State*  were  noticed  by  Professor  W.  \\.  Ilo^ore, 
who,  in  bin  Report  of  the  Oeoloffical  SuTtiey  of  Fwytfito, 
133S,  has  given  the  foHuwing  aual^'sea  of  eome  of  the  Btouet 
frouk  different  localities. 
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The  limmtone  No.  1  of  the  al>ove  lahle  is  from  Shepi>ardft- 
town  on  the  Potomac,  iu  Virginia;  it  is  ctlcnstvoly  inanu- 
factuped  for  hydraulic  cement.  No.  2  is  from  the  Natural 
Bridge,  and  banks  of  Cedar  Ci-eek,  Virginia ;  it  makes  a  good 
bydraulio  cement.  No.  3  is  from  New  i  ork,  and  is  extensively 
burnt  for  cement  Na  4  is  from  Louisville,  Kentucky ;  said 
to  make  a  gtxHl  cement. 

48.  M.  Vicat  states,  that  a  magnosian  limestone  of  France, 
containing  the  following  constituents,  lime  40  part^,  magnesia 
21,  and  silicia  "21,  yields  a  gr>od  hydraulic  cement;  and  ho 
^vea  the  following  analysis  of  a  stoue  which  gives  a  goi^ 
ajdraiiltc  lime. 

Cubouteot  time SO. DO 

Oubonataof  nugneai* , 42.00 

SUicU 5.00 

AIdhuq*. <•••.•••.•••. 3.00 

Oxldaof  iron , (X40 

loaoo 
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lij  comparing  the  cvinstituenta  of  these  laet  two  stones  with 
the  aiialm-s  of  the  ccment-fitoncs  of  New  York,  aud  the  inag- 
ncuau  h'vdrauHc  limestones  of  Pmf.  Rogers,  it  will  be  aeon 
that  tliey  coneint,  respectively,  of  nearljr  the  same  combiiiap 
tions  of  lime,  magiieaJa,  and  silica. 

Although  not  bnnitfbt  out  in  ibo  anaUsis  of  the  pi-eceding 
■touea,  there  is  probably  none  in  whic:h  tlie  alkaline  aalta  d{> 
not  occur,  and,  m  some' of  sttSicient  ainoiint  to  injure  murtar 
made  fmin  them,  by  their  efflorescence, 

SO.  pmrsicAL  characters  and  tests  op  hy- 

DRAUUC  LIMESTONES.  The  simple  external  cliaracterB 
of  a  limestone,  as  color,  textnre,  fracture,  and  table,  are  in- 
sufficient to  enable  a  person  to  decide  whether  it  belongs  to 
the  hydraulic  class ;  althon^h  they  assist  c^mjecttire,  pariicu- 
hu-ly  if  the  rock,  from  which  the  apecimou  is  taken,  is  fonnd 
in  connecti<Hi  with  the  clay  dejKjsits,  or  if  it  belong  to  a 
etmtum  whose  general  level  and  cliaractcristics  are  the  8«me 
aa  the  arg^iU(»-magiiesian  rocks.  These  rocks  are  generally 
acone  shade  of  drab,  or  of  gTAjy  or  of  a  dark  grayish-bluc ; 
hsTo  a  compact  texture;  fracture  even  or  conchoidal ;  with  a 
clayey  or  earthy  smell  and  taste.  Althnuj'b  the  hydraulic 
limestones  are  usnally  colored,  still  it  may  lmp^>en  that  tlie 
atone  may  be  of  a  pure  white,  arising  from  the  uombiuatiou 
of  lime  with  a  pun^  clay. 

The  difficulty  of  pronouncing  upon  the  class  to  which  a 
UmesC^me  belongs,  from  its  physical  properties  alone,  renders 
it  necessary  to  resort  to  a  chemical  analysis,  and  even  to  direct 
experiment  to  decide  the  qnei^tlou. 

&L  A  pi-ejudice  exists  among  lime  mannfactnrere  and 
builders  in  favor  of  the  dark-colored  products  of  calcined 
bydranlic  limestones,  but  without  any  foundation,  so  far  as 
experim<'nt  goes,  as  8»mie  of  the  most  celebrated  cements  are 
light  culoreo.  As  a  general  rule,  a  dark-colored  material  is 
an  unfavorable  sign,  as  showing  ttie  presence  of  somrt  foreign 
ingredient. 

52.  In  making  a  complete  chemical  analysis  of  a  lime- 
ctone,  more  skill  iu  chemical  manipulations  is  rcouisite  than 
engineers  usually  possess ;  but  h  pcrvon  who  \\6»  the  oi-diuary 
elonentary  knowledge  of  chemistry  can  readilv  ascertain  the 

?nBntitv  of  clay  or  ot  magncitia  contained  in  a  limestitne,  and 
rrim  tnese  two  elements  can  pronounce,  with  tolei-able  cer- 
tainty, upon  its  hydraulic  properties.  To  arrive  at  this  con- 
aloajon,  a  small  portion  of  the  stone  to  be  tested — about  five 
drachnu — ia  taken  and  reduced  to  a  powder ;  this  b  pl»iced 
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in  B  <j»j>bule,  nr  an  ordinary  watch  crystal,  and  slightly  diluted 
tnurialu;  add  ia  jwmred  over  it  until  it  ccaaca  to  effervcMMS. 
Tbo  ca]>i;iile  U  tlten  ^ittly  heated,  and  the  liquor  evftporated, 
.intil  thf.'  rusidue  iii  the  cap»ulc  ha»  acquired  iho  cousifttcnce 
of  tliiii  pAt^tu.  This  pttgtc  ts  tliixjwn  iitUi  a  pint  of  puru  watoT 
and  wull  shaken  up,  and  the  mixturo  is  thou  filtered.  The 
retidue  left  ou  tlic  filtering  paper  h  thoroughly  driod*  by 
bringing  it  to  a  red  heat;  tltis  ueing  weighed  will  give  the 
clay,  or  ineoluble  matter,  contained  in  the  atone.  It  in  iutjiort- 
ant  to  aBcertain  the  state  of  iiieehanlual  division  of  thu  in- 
eoluble niatt«r  thuti  obtained  ;  for  if  it  be  wholly  granular,  the 
fltone  will  not  yield  hjdranlie  lime.  The  grannlur  portion 
niiut  thorefoi-e  be  ou-cfnlly  separated  from  the  otlicr  before 
the  latter  is  dried  and  weighed. 

53.  If  the  sample  tested  contains  magnesia,  an  indicatioa 
of  this  vrill  bo  given  by  the  slowue^  with  which  tlie  acid  acts; 
if  the  quantity  of  magnesia  be  but  little,  the  solution  will  at 
first  proceed  rapidly  and  tlien  become  more  elng^h.  To 
aiicertfun  the  qnantity  of  magnesia,  clear  lime-water  must  bo 
added  to  the  tiltered  rkjhition  as  long  as  any  precipitate  is 
formed,  and  UiIa  precipitate  must  be  quickly  gaUierod  on  fil- 
tering paper,  and  then  be  washed  \vith  pure  water.  The  resi* 
duo  ipom  tliia  washing  is  the  magnesia.  It  must  be  thoroughly 
dried  befoi-o  being  weighed,  to  ascertain  its  pi-oportlon  to  the 
olay. 

54.  Having  ascertained,  by  the  preceding  analysis,  the 
probable  hydraulic  energy  of  tlie  stone,  a  (*iunplo  uf  ii.  ahnulJ 
also  be  submitted  to  direct  experiment  This  may  be  likewise 
done  on  a  small  scale.  A  sainjilo  of  tlic  stone  'must  be  re- 
duced to  fragments  about  tlie  size  of  a  wtUnut.  A  crucible, 
perforated  witli  holes  for  tlie  free  admissiou  of  air,  is  filled  with 
these  fragments,  and  placed  over  a  fire  sufficiently  powerful 
to  drive  off  the  carbonic  acid  of  the  stone.  The  time  for 
effecting  tliis  will  depend  on  the  intensity  of  the  heat.  'Wliua 
the  heat  has  been  applied  fur  three  or  four  hours,  a  small  por- 
tion of  the  caleinoa  stone  may  be  tried  with  an  acid,  and  the 
degree  of  the  calrination  may  be  judged  of  by  the  more  or 
less  uopioosneas  of  the  eServescenoe  that  ensues.  If  no 
effeireecence  takes  place,  the  operation  may  be  considered 
completed.  The  calcined  stone  should  bo  tried  soon  after  it 
has  become  cold ;  otherwise,  it  should  bo  kept  iu  a  glass  jar 
made  as  uir  tight  ua  practicable  until  used. 

55.  When  um  cahrinod  storiu  is  fct  bo  tried,  it  i«  first  ftlaked 
by  placing  it  in  a  small  basket,  wliich  is  immersed  for  fine  or 
•u  »0(»nds  in  pure  water.     The  atoue  is  emptied  from  tb« 
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^^ket  BO  soon  as  the  water  has  di'ained  uff,  and  is  allowed  tc 
jtsnd  oiiltl  the  alakitig  is  turmiuatod.     This  procoe«  will  pro 
<eed  more  or  lew  mpialy,  actM>rdiiig  to  the  quality  of  the  stone, 
gild  ihe  degree  of  its  calciiintioa.      Iii  some  uasee,  it  will  be 
completed  ni  a  few  minutes;    iu  others,  rKirUons  oijy  of  the 
itoae  vill  ^U  to  ipowder,  thereatcnnnMing  intolmnpe  whieh 
llkkfi  rerv  slugglahlj ;  while  other  varieties,  a^  the  true  ceineut 
nooas,  give  no  evidence  of  alakiiig.    If  the  8^:>ne  slakes  either 
oompleitely  or  partially,  it  must  oe  converted  into  a  paste  of 
theooueistence  of  Boft  ptitty,  being  ground  Dp  thoruiighly,  if 
aeoaMry,  in  an  iron  mortar.     The  paste  is  made  into  a  cake, 
■ad  placed  ou  tlie  bottom  of  an  ordinary  tumbler,  care  beine 
tJaa  to  make  the  diameter  of  the  cake  the  same  as  that  (d 
ibe  rambler.    The  vee^l  is  flUed  with  water,  and  the  time  of 
immcrhitin  noted.      If  the  lime  is  only  modemti-ly  hydraulic, 
k  will  have  become  hard  enough  at  the  end  of  fifteen  or  twen- 
ty days,  to  resist  the  pressure  of  the  tinger,  and  will  continue 
10  harden  slowly,  more  particularly  frum  the  sixth  or  eighth 
month  after  immersion ;  and  at  tlie  end  of  a  year  it  will  have 
aoqnired  the  oonsiatency  of  hard  soap,  and  will  disAolvo  slowly 
iu  pure  water.    A  fair  hyiimnhc  lime  will  have  hardened  so 
•0  to  n»ist  the  pressiipe  nf  tlio  finger,  iu  aboutsix  or  eight  daya 
after  iminersinu,  and  will  CDiitimie  to  grow  harder  until  fi-om 
aix  to  twelve  months  after  iunnersion;    it  will  then  have  ac- 
quired the  hardncaa  of  the  softest  calearcoiis  stones,  and  will 
be  DO  longer  ft>luble  in  pure  water.     \Vlien  the  etcoie  is  emi- 
neutly  hydraiiliu,  it  will  have  become  hai-d  in  from  two  to  four 
dayi  after  imuierfiion,  and  in  one  nioutl)  it  will  be  quite  hard 
and  ins^ilnbla  in  pure  water;   after  t>ix  months,  it6  hardneea 
will  be  about  equal  to  the  more  alj«»rtjent  calcareous  stones; 
and  it  will  splinter  from  a  blow,  pre^nling  a  slaty  fracture. 

As  Uio  hydraulic  ccmenla  do  not  tilake  perceptibly,  tlie  burnt 
Uone  must  tirat  be  rednuod  to  a  fiuc  powder  before  it  is  made 
into  a  paste.  The  paste,  when  kneaded  between  the  fingers, 
booumee  warm,  and  wilt  generally  set  iu  a  few  uiinutes,  either 
in  tbeopen  air  or  in  water.  IfydmnliccemotitA  are  far  nmre 
sparingly  solnble  in  pure  water  than  tlie  hydraulic  lime ;  and 
the  action  of  pure  water  upon  them  cease«,  apparently,  after 
a  few  weeks*  iinmcrsiun  in  it. 

56.  Calcination  of  Limestone.  The  efFect  of  heat  on 
limestones  varies  witlj  the  constituent  elements  of  the  stoue. 
Tlie  pure  limest<mes  will  stand  a  high  degree  of  temperature 
without  fusing,  losing  only  tlieir  carbonic  acid  and  water. 
The  impure  stones  containing  silica  fuse  completely  imder  a 
great  heat,  and  become  more  or  lees  vitrified  when  the  tern- 
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perature  mucli  exceeds  a  rod  heat.  The  action  of  }ieat  on  the 
impuxe  limestones,  besides  driviug  off  their  cflrbonic  auid&sd 
water,  ini>dities  Oie  relntioiiB  nf  their  olhcr  irheiuiiral  eoiietitu- 
ents.  The  argillaceous  stones,  for  example,  j-ield  an  insoluble 
pnwipitate  when  acted  ou  by  an  auid  before  calcination,  but 
are  perfectly  BoUible  ufierwurde,  unleaa  the  eilex  tboy  contain 
happeuR  to  oe  in  the  form  of  graius. 

ST  The  calcination  of  the  hydraulic  limeatones,  from  their 
fuaible  nature,  requires  to  be  conducted  with,  great  care ;  lor, 
if  not  pushed  far  enough,  the  under-burnt  jK^tiona  will  not 
aUke;  and,  if  carried  too  far,  tlie  fitone  Becomes  dead  or 
sluggish ;  slaked  very  slowly  and  imperfectly  at  first ;  and,  if 
used  iit  thifi  »tatc  fur  inasunry,  may  do  injury  by  the  swelling 
which  accompanies  the  aftur-elaking. 

&Q.  The  more  or  less  facilitv  with  whicli  the  impure  Ume- 
Btonea  can  bo  burned  dopeiuls  ajxtn  sc^'eral  causei;  u  the 
compactness  of  the  stone,  tho  eixe  of  tlie  fragments  suV>mit- 
ted  to  heat,  and  the  presence  of  a  current  of  air,  or  of  aque- 
ous vapor.  The  more  compact  stones  yield  their  carboiiic 
acid  Ics6  readily  tlian  those  of  an  oppoaito  texture.  Stonoa 
whicli,  when  broken  into  yery  small  lumpe,  can  be  calciued 
ander  the  red  heat  of  au  ordinary  fire  in  a  few  hours,  will  re- 
quire a  far  greater  degree  of  temperature,  and  fur  a  much 
longf r  periiKl,  when  broken  into  fnigiiionis  of  six  or  eight 
inches  m  diameter.  This  is  particularly  the  ease  witJi  the  im- 
pure linicstones,  which,  when  in  lari^e  tumps,  vitrify  at  the 
surface  before  the  interior  is  tlionmguly  burnt. 

06.  I  f  a  e.urrent  of  vapor  is  passed  over  tJie  stone  after  it  baa 
vommonced  to  give  off  its  carbonic  acid,  the  remaining  por- 
tion of  the  gas  which,  under  ordinary  circumstances,  is  expelled 
with  great  difficulty,  partieularlv  near  the  end  of  the  prooeai. 
of  cakanation,  will  be  carried  on  much  sooner.  The  influence  1 
of  an  aqueous  eiin-eiit  is  attributed,  by  M,  Gay-Lussac,  purely 
to  a  mei.:hanii'^  action,  by  removing  tho  ga.s  as  it  is  evolveJ. 
and  his  experiments  go  to  show  that  a  like  effect  is  produced 
by  an  atmospheric  current.  In  buniiug  tho  impure  limo- 
Btonee,  however,  an  aqueous  current  pi'oduces  tiie  farther; 
beneficial  effect  of  preventing  the  vitrification  of  the  stone 
wheu  the  tem|>eraturu  has  become  Coo  elevated ;  but  as  the 
vapor,  ou  coming  iu  contact  with  tho  heated  stone,  carries  off 
a  lai^  porliou  of  the  heat,  this,  together  witJi  the  latent  heat 
contained  in  it,  may  render  its  use  in  some  cases  far  from 
econuiiiical. 

60.  Wo<)d,  eharooal,  iH>at^  tho  bituminous  and  the  anthra- 
cite uoals  are  used  for  fuel  in  lime-burning.     M.  Vicat  states, 
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lh«t  wood  is  the  best  fnel  for  burning  h^'di-aalio  limoatonea ; 
that  charcoal  is  inferior  to  bituminous  coal ;  and  that  tlie  re 
Aoltfi  fniin  tliiA  la«t  are  voi'T  nnoertain.  ^VliRn  wood  Is  used, 
it  should  be  drjand  split  up,  to  bnni  quickly  and  give  a  clear 
blaxe.  The  common  opinion  among  liine-nuniui-s,  that  the 
greener  the  fuel  the  better,  and  that  the  limestone  should  be 
^R^ered  before  it  is  placed  in  the  kiln,  is  wrong ;  as  a  lu^ 
portion  of  the  heat  is  consumed  in  converting  the  water  in  both 
cases  into  vapor.  Coal  is  a  more  economicyil  fuel  than  wood, 
and  is  thererore  generally  preferred  to  it;  but  it  requires 
particular  care  in  ascertaiuing  the  proper  quantity  for  use. 


m. 


LIUE   KTl.HB. 


XjIME  kilns.  Great  diversity  is  met  with  In  the  forms  and 
proportions  of  lime*kilii8.  AVherever  attention  has  been  pud 
to  economy  in  fuel,  the  eyUtuiriaai,  ovouiul^  or  the  inverted 
wnkal  form  has  been  adopted.  The  two  first  being  preferred 
for  wtux!  and  the  last  for  coaL 

61.  The  whole  of  the  burnt  lime  is  cither  drawTi  from  the 
kiln  at  once,  or  else  the  burning  is  so  regnlated,  tliat  fresh 
stone  and  fuel  are  added  as  the  calcined  portions  are  with- 
drawiL  The  latter  method  is  usually  followed  when  the  fuel 
used  is  coal.  The  stone  and  coal,  broken  into  proper  sizes 
(Pig.  l)t  and  iu  pn>portions  determined  by  experiment,  are 
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placed  in  the  kiln  in  alternate  layers ;  the  coal  is  Ignited  at 
the  bottom  of  the  kilu,  and  fresh  strata  are  added  at  the  top, 
M  tlie  burnt  mass  settles  down  and  is  partially  withdrawn  at  the 
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bottom.  KilnB  mcd  in  this  way  are  called ^w;ptf^'a^<K?«fl; 
ihoy  arc  more  ecoiiotuical  in  the  oonsamption  of  fuel  thaa 
lh(««  in  which  iho  bunting  h  intermitted,  and  which  are,  on 
thii!  luicoiiut,  turiaud  intermitteTit  Jtnlns.  Wuod  inai,"  aIbo  be 
used  as  fiiol  in  [icrjwtiial  kilns  j  but  not  with  such  ewiiiom;? 
an  coal ;  it  moreover  present*  many  ineonveniencee,  in  sup- 
plying the  kilu  with  freali  etonc,  and  in  regulating  ita  dia* 
ehargo.  Tlio  inverted  cuniual-6hapod  kiln  is  generally  adopted 
for  ooal,  and  the  ovoidalnahaped  tor  wood. 

62.  Some  care  ia  rcquisito  in  filling  ihe  the  kiln  with  Btone 
wlien  a  wood  tue  is  used.    A  dome  (Fig.  2)  ia  formed  of  the 
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larj^t  blocks  of  the  brolccn  stone,  whicli  either  resta  on  the 
h<itt(>m  of  the  kiln  or  on  the  aah-gratti.  The  lower  diameter 
of  the  dome  is  a  few  feet  leas  than  that  of  the  kiln  ;  and  ita 
interior  is  made  suflit-icntly  ca|>ncinns  to  receive  the  fuel  which, 
cut  into  fthort  letigtlie,  i.i  plai'od  up  endwise  around  the  dome. 
The  stone  is  placed  o\'er  and  around  tlie  courees  which  form 
tlic  dome,  tlio  lari^st  blocks  in  tiie  centre  of  the  kiln.  The 
inanai<vment  of  the  fire  is  a  matter  of  experiment.  For  the 
fiiflt  e1n|ht  or  ten  hourR  it  shnnld  l«  carefully  regulated,  in  or- 
der to  bring  tJie  stone  ■jradutdly  t<i  a  red  hent  By  applying 
ft  high  heat  at  first,  orlty  any  sudden  inci^aso  of  it  nutil  the 
man  has  reached  a  nearly  unifi.»nn  toinporature,  the  stone  ia 
apt  to  bhivor,  and  choke  tJie  kiln,  by  elojiping;  U»c  voids  be- 
hveon  the  coursea  of  stone  wliich  foriir  the  dome.  After  the 
etone  is  bronglit  to  a  rod  heat,  the  supply  of  fuel  should  be 
uniform  until  tlie  end  of  the  calcination.  The  practicoGome- 
timus  adopted,  of  abating  the  fire  towards  the  end,  is  bad,  aa 
the  Iftft  iM^ilioiiK  of  airbtuiic  m*.id  retained  by  tlie  stone,  retpiire 
a  hifih  deforce  of  heat  for  their  expulsion.  The  indications  of 
complete  calcination  are  geiiemlly  manifested  by  the  diminu- 
tion which  gradimlly  takes  place  in  tlie  ma£^  and  which,  at 
this  stage,  is  about  one  sixth  of  tlie  primitive  volume  ;  by  the 
broken  appearance  of  the  stoue  wuicli  forms  the  dome,  the 
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int«ret!cce  between  whitrli  l>t'iii^  alwj  clmked  up  b}'  fjogmentj) 
of  the  Lunit  stone;  aiid  by  (he  eu^  with  Mliich  an  iron  bur 
mav  be  forced  down  through  the  burnt  atone  in  the  kiln. 
Wfien  tbese  indications  of  corapletc  calcioation  are  observed, 
the  kiln  should  be  closed  for  ten  or  twelve  hours,  to  cnnfine 
the  beat  and  tiniah  the  burning  of  the  upiier  strata. 

63.  The  form  and  relative  diinOD»ioii&  oi  a  kilu  for  wood  can 
be  deteniiined  utily  hy  careful  experiment.  If  too  great 
height  be  given  to  Uie  rnaas,  the  lower  porrions  may  be  over- 
btiraed  before  tlic  upper  arc  bunicd  enough.  The  prop<ir- 
tioos  between  the  height  and  mean  horiz<iiitHl  section,  will 
depend  upon  the  texture  of  the  Atone ;  the  &ize  of  the  frag- 
ments into  which  it  is  broken  for  burning;  and  the  more  or 
lees  facilitv  with  which  it  viirilics.  In  the  memuir  of  M. 
Petot,  ali-e&dy  cited,  it  ia  stated  as  the  reenlt  of  experiment 
made  at  iirest,  that  large-«izcd  kilns  are  more  economical,  both 
in  the  consnraption  of  tuel  and  in  the  ci^st  of  attendance,  than 
unall  ones;  but  tliat  tliere  is  no  notable econumy  in  fuel  wlien 
the  mean  horizontal  eectiou  of  the  kiln  exceeds  sixty  square 
Feet 

64.  The  circular  sooma  the  moat  suitable  form  for  the  hori- 
zontal sections  of  a  kiln,  both  for  strength  and  ecoD<^mi7.)n^ 
tlie  heat.  Were  the  section  the  same  thronghout,  or  Uie  form 
■jf  the  interior  of  the  kiln  cylimlrical,  the  strata  of  stime, 
above  a  certain  point,  would  be  very  iinpcvfet'-tly  bnnicd  when 
the  lower  were  enough  so,  owing  to  the  rapidity  witli  which 
the  inflamed  gaecs,  arising  from  the  wimbnstiim,  arc  cooled  by 
coming  into  contact,  with  the  stone.  To  pnxiiire,  therefore,  a 
tempei'atnro  throughout  the  heated  mass  whicli  shall  lie  nearly 
imiionn,  the  horizontal  ecctions  of  the  kiln  shotdd  gradually 
decrease  from  the  ^^int  where  the  Hame  vises,  which  is  near 
the  top  of  the  dome  of  broken  stone,  to  the  top  of  the  kiln. 
This  contrnctiun  of  the  horizontal  section,  from  the  bottom 
apward,  eJionld  not  be  made  tiKi  rajfidly,  as  the  draft  would 
be  injured,  and  the  capacity  of  the  kiln  too  ncuch  diminished; 
ind  in  no  ea»c  should  the  area  of  tlic  top  opcnmg  be  less  than 
al>0Dt  one  fonrth  the  area  of  the  section  taken  near  the  top  of 
the  dome.  The  best  manner  of  arranging  the  sides  of  the  kiln, 
01  the  plane  of  the  longitudinal  section,  is  to  connect  the  top 
opening  with  the  honzontal  section  thnnigh  the  top  of  the 
dome,  by  an  arc  of  a  circle  whoeo  tangent  at  the  lower  point 
ihall  be  vertical. 

6a,  Lime-kilns  are  eonetnicted  either  of  brick  or  of  some 
of  the  more  rcfi-actory  stones.  The  walls  of  the  kiln  should 
be  BDfHciently  tltick  to  couliQe  the  heat,  and,  when  the  locality 
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ftdmita  of  it  they  Are  built  into  a  »ide  hill ;  otherwise,  it  tua^ 
he  necee&ary  to  use  iron  hoops,  and  vertical  t>ara  of  iron,  to 
strengthen  the  brick-work.  The  interior  of  the  kiln  ghouhl 
be  faced  either  with  good  fire-hrick  or  with  fire-atone. 

66.  M.  Petot  prefers  kibis  arranged  with  fire-i^i-ates,  and  an 
asb-pit  under  Iho  dunic  of  broken  stone,  for  the  reason  tlmti 
thoj  give  tJic  meana  of  better  regulating  tiie  boat,  and  of  | 
tbrowins^  the  fiame  more  in  the  axia  of  the  kiln  than  can  ba 
done  in  KJlns  withimt  them.  The  action  of  the  flame  is  thna 
more  uniformly  felt  throtjgh  the  masa  of  stone  above  the  top 
of  the  dome,  while  that  of  the  radiated  heat  upon  the  atona 
around  the  dome  is  also  more  unifonn. 

&1.  M.  Petot  statee,  that  the  height  of  the  mass  of  Bton« 
above  the  top  of  the  dome  should  not  be  greater  than  from 
ten  to  thirteen  feet,  depending  on  tlio  more  or  lees  compact 
texture  of  the  stone,  and  the  more  or  leas  ease  with  whicn  it 
vitrifiee.    Uo  proposes  to  use  kilns  with  two  stories  (Fig.  3), 
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for  the  pnrpoee  of  economising  the  fuel,  by  using  the  heat 
which  paasee  off  from  Uie  top  of  tlie  lower  storj',  and  would 
otherwise  be  lost,  to  hcjvt  the  stone  in  tlie  iipj>Gr  story  ;  this 
storv  being  arranged  with  a  side-door,  to  intrnduco  fuel  under 
its  dome  ^  broken  stone,  and  complete  tlie  calcination  when 
that  of  the  etoue  in  the  lower  story  is  finished. 

M.  Petot  gives  the  following  ecueral  directions  for  regulat* 
ing  the  relative  dimensions  oi  the  parts  of  tlie  kiln.  The 
greatest  horizontal  section  of  the  kiln  is  placed  rather  below 
tno  ton  of  broken  stone ;  the  diameter  of  this  sci^tion  lieing 
1.82,  me  diameter  of  the  grate.     The  height  of  the  dome 
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wbt'Vp  the  ffrate  U  from  3  to  6  feet,  according  to  the  aiiantity 
of  fuel  to  be  consumed  hourly.  The  bottom  of  tlio  Ki]t),  'id 
which  the  piers  of  the  dome  rest,  ia  from  4  to  6  inches  above 
the  top  of  the  grato ;  the  diameter  of  the  kihi  at  ihis  point 
being  about  2  fyet  9  im:hes  plater  than  that  of  th(;  grate. 
The  diameter  of  the  horizontal  eeetton  at  top  ia  O.fJS  the  di- 
ameter of  the  a;reate8t  horizontal  section.  The  horizontal  sec- 
lions  of  the  kiln  diminish  from  the  eectiou  near  the  top  of  the 
dome  to  the  top  And  bottom  of  the  kihi ;  the  Bidoe  of  the  kihi 
receiving  the  form  shown  in  Fig.  3:  the  object  of  contracting 
the  kiln  towards  the  )>ottom  being  to  allow  the  etone  near  the 
bottom  to  be  thonnighl  V  burned  by  the  radiated  hcHt  The  grate 
U  formed  of  caEt-iror.  bai's  of  the  usual  form,  the  area  m  the 
spaces  bet^rcn  the  bar^  being  one  fourth  the  total  urea  of  the 
grate.  Tlie  bottom  of  the  ash-pit,  which  may  be  on  the  f^me 
level  as  the  exterior  ground,  is  placed  If*  inchea  below  the 
gnite;  and  Ht  the  entrance  of  tlie  ash-pit  is  placed  a  re»er%uir 
for  water,  aiH>ut  18  inchea  in  depth,  to  funiitdi  an  aqueoua 
current  The  draft  through  the  grate  ia  regulated  by  a  lateral 
air  channel  to  the  ash-pit,  which  can  be  totally  or  partially 
elint  hy  a  valve ;  the  area  of  tlie  cross  section  of  this  channel 
is  one  tenth  the  total  area  of  tlie  grate.  A  square  opening, 
16  inches  wide,  the  bottom  of  which  is  on  a  level  with 
Uie  bottom  of  kiln,  leads  to  the  dome  for  the  supply  uf  tlio 
faeL  This  opening  is  cloeed  with  a  tire-proi>f  and  air-tight 
door. 

In  arranging  a  kiln  with  two  atorice,  M.  Fetot  states,  that 
the  grates  of  the  upper  story  are  so  soon  destroyed  by  the 
heat,  that  it  is  better  to  suppress  them,  and  to  place  the  fuel 
for  c'Omptotiug  the  caleiiialicm  of  the  slfino  or  this  stoiy  on 
the  top  of  the  burnt  sdwe  of  the  lower  story. 

68.  Lime  burning  has  become  a  special  branch  of  industry 
tn  the  United  Stattw,  in  which  a  large  amount  of  capital  u 
embarked,  so  that  the  engineer  has  now  no  other  concern  in 
the  manufatiurc  of  this  material  than  to  be  able  to  test  and 
■elect  from  the  sampler  ofTi_Ted  him  to  suit  the  application  he 
intands  making  of  bis  maten'al. 

88.  There  are  two  princi^>al  clasees  of  lime-kilus  employed 
by  the  manufocturers  of  lime  in  the  United  Stales.  These 
vary  but  little  from  each  other  in  form  and  dimensions  in  the 
localities  in  which  they  are  used  throughout  the  country. 

TO.  Tlie  first  ela-ss  belnngs  to  the  perpetxuil  kilruiy  the 
stone  and  fuel,  which  is  usually  bituminous  or  anthracite  eoal| 
being  placed  in  the  kiln  in  alternate  h  era,  in  proportions 
pointed  out  by  experience,  which  is  fed  in  like  manner  at  the 
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top  u  tho  calcined  stone  is  grftduallj  drawn  out  at  the  bottom. 

In  Rome  cumv  th:  t^lmiiiltcr  of  these  kilna  a  Binipl^'  ui  invert* 
od  friBtum  rif  a  uoiio  in  form. 
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W,  twdjr «( iw  mMuorr. 

a*,  e«,««M«f  goMMftl  Aaprt  kiln. 


71,  In  othen  (Ftp.  4)  the  body  or  n  pner  portion  of  the  chamber 
in  cylindrical,  wliiwt  iJie  lower  pt)rtion  is  an  inverted  Mjnical 
fnifltnm,  the  two  anrfaees  being  united  by  au  annular  one 
tangent  to  each. 

72.  The  second  claM  if)  tlic  fluino  or  furnace  kiln.  In  this 
the  irtone  placed  in  the  chamber  of  the  kiln  in  calcined  hy  tlio 
oomhtifition  of  the  fuel,  either  wood  or  coal,  placed  in  f  iirnacca 
near  the  bottum  of  the  chamber.  Thia  clam  may  be  used 
either  as  intermitlont  or  perpetual  kilns. 

73.  In  Iwth  clawea  the  Atone  for  bnmine  is  hirtken  into 
lumps,  none  of  which  ahonld  be  over  eiffht  mchea  in  size  in 
any  direction.  In  the  selection  of  the  Uimp8  great  care  and 
experience  ai-e  rcqnircd  on  the  part  of  tho  kiln  attendants,  in 
order  to  obtain  a  product  of  nnlform  quality,  as  admixturea 
of  stones  varying  ui  any  important  decree  in  their constitncnt 
elementii,  narlicuUrly  in  thnao  of  hydranlic  liinefltones^  may 
•o  vitiate  the  results  *aa  to  render  them  nseless  for  hydraulic 
MriictnrcB. 

74,  In  others  they  are  formed  of  the  frufita  of  two  conical 
Burfuccfl,  na  Hho\vn  by  Uie  dotted  lines  a  6^  c  dy  united  at 
their  lareer  bases  (Pig-  4). 

The  diameter  «  o  of  the  thimble  varies  from  eight  to  ten  feet ; 
the  diameter  at  the  bottom  from  eighteen  inches  to  throe 
foet ;  the  height  of  tho  thimble  from  seven  to  ten  feet.  Tlio 
appor  diameter  of  tho  budv  "f  tlio  kiln,  if  conical,  is  about  s 
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fuotlem  tliau  theluwer  ;  if  cylindrical,  the  ftaiiicas  thelotrer 
Tho  hctglit  of  the  body  fivin  twelve  to  twcntj'  feet.  Tbfl 
draw  dijorfroni  cij^htceii  iucbe«  to  Uireo  feeL  The  height  of 
the  draw  pit  nine  feet 

The  bod}'  A  uf  the  uiasoiir}'  ie  eometiiues  rei.'tnngulikr  aiid 
Kimctiincs  inrculai'  in  plan,  and  al>r)iit  six  feet  in  lliieknees. 
It  ia  M^-ured  on  the  outside  eiUier  bv  stripe  of  wood  let  into 
the  masQtir]*,  or  by  iruu  curbs.  The  lining  of  the  kiln  is  of  the 
beetfire-hrit-k. 

Tlie  kitn.for  burning,  is  filled  with  alternate.  I&vers  of  coal 
and  Btone,  thoee  of  tlie  Tatter  not  exceeding  aix  incfiee  in  thick- 
ness. The  fire  is  started  from  beneath,  with  dj-y  wood.  Tlie 
drawing  of  the  kiln  is  done  two  or  three  times  every  twenty- 
four  tiunra. 

7&.  The  perpetinil  draw  water-^ame  kilns,  for  bo'.h  ooal  and 
wood,  patented  by  Mr.  C.  D.  Page,  of  Rouliestcr,  New  Tork^ 
have  met  with  very  general  favor  in  our  large  lune  burning 
localities. 

The  cujxila  which  coiituna  the  bnniing  lime,  it  will  l>e  Been, 
is  chiefly  cylindrical,  being  terminated  at  top  and  bottom  by 
conical  frusta. 

The  cupola  space  issix  by  eight  feet  between  the  main  walla 
AA.  Tlie  main  wulhs  from  unt  to  out  are  eighteen  by  twenty 
feet  at  the  haee  of  the  kiln  ;  fifteen  by  sixteen  feet  at  the  top : 
and  forty  feet  high.  The  main  walk  are  Btrengthened  as  UBiial 
with  timber  uunj&.  The  wotidon  crib  al.  l<»p,  wbiuh  in  stit>ng- 
ly  boarded  to  the  height  of  foiu-  feet,  Bei-\efi  aa  a  reser\'oir  fur 
the  raw  atone. 

ThiH  kiln  receives  ila  name  fmni  the  ihwI  being  first  placed 
in  pane  of  hot  water,  the  steam  fiTim  which  being  dccnnqnised 
facilitates  the  proccM  uf  buruuig  by  the  decompoeitiou  of  the 
steam. 

IQ.  Hoffbian  Kiln.  General  Q.  A.  Gillmore,  of  (he  Uni- 
ted States  Corps  of  Engineers,  to  whom  tho  profession  is 
already  »o  mnch  indebted  for  his  rcscArchea  on  tlic  limes  and 
cements  in  the  United  States,  has  given  in  his  recent  pam- 
phlet. No.  19,  I*j^f«9«ional  I'apcrs,  Corps  of  £ngintert^.S 
Anny,  an  accmnit  of  what  is  known  as  the  Hofi'nmn  Kihij 
of  which  the  following  ie  a  brief  dcficription: — 

Tliis  kiln  (I'ic*.  8,  9,  10,  11)  consists  of  an  annular  arch.  A, 
A',  the  plan  of  which  u)ay  be  a  circle,  an  oval,  or  as  in  Fig. 
8  The  height  of  the  arch  beine  from  eight  io  i.ine  feet,  and 
•pan  from  ten  to  twelve  feet ;  the  middle  line  of  the  cbambur 
A  uensuring  one  hundred  and  fifty  feet.  This  void  epace  ii 
tormed  tho  b'trnii\g  chaTH^cr. 
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fhe  cbiuuicj  0,  0'  (Figs.  10, 11)  ma_v  b.and  in  the  centnl 
■nice  B,  B',  or  exterior  t«  the  kiln.  In  the  laltor  case  a  Fmuke 
iTue  leads  to  it  nnder  the  baniing  chamber.  Fourteeu  radial 
8uea  lead  fh>m  the  borning  cbambena  to  the  smoke  chamber, 
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Vtc- 11.  8Mtta<«ckkBMVMlB,  Rk.  10. 
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<  A         da.  a*.       at  Mttng  Mp. 

«./,         dot  dOb       of  drrlac 

fa,         do.  te.       o(  CBkuc  ap  wft«i  hML 

nch  h&vine  a  bell-shaped  damper,  which  can  be  opened  oi 
dosed  at  pleasare.  There  are  fourteen  arched  doore,  D,  D, 
tbrongfa  the  ouler  wall,  each  five  £eet  high,  and  four  feet  wide. 
Tjje  arched  top  of  the  burning  chamber  ie  pierced,  at  inter 
«aJs  of  three  or  roar  feet,  with  holes,  five  inuhee  in  dlainctor, 
Urntud  feed-hules,  through  which  fnet  is  supplied  to  the  flre«. 
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Thtry  arc  in  naiiiber  alxiiit  three  haudred,  e&ch  clowd  with 
a  bcll-itliapv<l  uover  fiiUng  over  a  rim  or  curb,  auJ  dip|iiu|i 
into  sand. 

The  entire  Ktructnre  la  of  lolid  stone  or  brick  00001117,  aud 
cm-erwi  witli  u  roof. 

Thu  burning  cbanili«r  is  lined  wHb  fire-brick  for  burning 
li^'draiilic  cement. 

77.  Caloination  of  the  stone. — ^^^IeTl  the  kiln  i.>  in  opera- 
tion all  tho  d(Ktrwa_j«  (Kig.  Sj  ininilicrcd  frntn  1  to  H,  from 
left  to  right  are  kept  closed  vfiiA  temj>omry  hrUhcorky  ex 
e«pt  two  or  tlircc-.  Let  tl«j  open  ones  1*  1  and  2.  The 
bunit  lime  is  drawn  from  Na  S,  and  ruw  Ktone  token  in 
at  No.  1  and  pilod  up  in  the  buniing  eliainber,  leaving 
Tortical  openings  under  the  feed  hi^lcs,  and  horizontal  uncr 
uo'lirr  tho  mam  for  the  (circulation  of  air  around  tlic  periphery 
of  the  burning  chamber. 

When  tbe  kiln  is  goin^,  all  the  compartments  but  two, 
between  ciicli  two  consocntivc  doorwavM,  arc  lilkd  with  etoue, 
iu  all  sUigoft,  from  the  raw  to  tlioronghly  cutcined. 

•*  Suppose  compartments  1  and  2  cniptj,  and  all  the  othcrt 
filled.  No. 3  contains  cement  from  stone  put  in  IS  da^'s  ago; 
No.  4  that  from  Htijiic  put  in  11  flaj'S  ago ;  and  so  on  around 
to  ornjiiirliuciit  I4-,  which  was  filloa  }citterdav.  Separating 
No.  14  from  Nt».  1  is  a  sheet  iron  pmiition,  uu  nearl,v  aa  ik* 
sible  air-tight.  This  partition,  called  tlio  cut-off,  is  niovaole. 
Veslcrda}'  it  was  between  18  and  14;  to-morrow  it  will  be 
between  1  niul  2,  and  so  on,  being  move<l  on  one  compart- 
tnont  each  day.  All  Uie  dami>erB  are  chsod  to-da,v  except 
No.  14;  yestcniav  all  were  closed  cxoejit  No.  13;  ti)-niorn»w 
only  No.  1  will  be  ojwn.  To^iay  men  are  removing  burnt 
cement  from  compartment  No.  3,  and  others  are  setting  raw 
Stone  in  (!4iniparlinent  No.  1.  Vwii'niay  tlioy  were  M.'ttiiig 
stone  in  No.  14,  aud  roraoring  cement  from  No.  1.  To* 
morrow  they  will  be  removing  ecuient  from  No.  3,  and  filling 
No.  2  with  raw  Btone ;  so  that  every  day  the  setting,  drawing, 
cutoff,  and  open  damper  advance  one  eitmpartment.  The 
fii^es  are  in  the  centre  of  the  maw,  fn>m  the  burnt  cement  end 
round  to  the  raw  stone  end ;  say  in  compartments  7  and  8 
to-day,  6  and  7  yesterday,  H  and  W  to-niorr<>w,  advancing  ona 
compartuioMt  per  day,  like  tbe  drawing  and  setting. 

"  The  comjiartmeiit  that  was  in  lire  yesterday,  hay  No.  fl,  11 
srill  very  hot  to-day,  No.  b  less  hot,  No.  4  cooler,  and  so  on  to 
No.  2,  whore  t)io  cement  is  cool  enough  to  be  handled,  and 
men  are  removing  it  from  the  kiln,  wheelbarrows,  or  tracks 
OD  portable  railway  tracks,  l>cing  used  for  the  purpose. 
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'The  coiii}>artincut8  no*  yet  tired  are  heated  l>y  tht  hoi 
gases  pnftKin|f  tlimii^Ii  tliom  to  the  diiuine^',  the  Blone  in  tlia 
iHtiuparttnent  next  lite  fire  liciitg  at  a  full  red  Iiont,  wtii'x 
that  farthest  oil,  wliicli  was  put  in  yesterday,  is  only  warm. 

"  Tlio  draught  of  fho  chiiiMicy  ie  sufticieiit  to  draw  air  iu  at 
the  open  douni'ayg,  ihrctngh  tAe  entire  mnes  of  cement  and 
raw  atone,  to  the  open  flue,  which  ia  the  one  by  the  cut-off. 

"  In  pa;^>^ii)g  tlmitigti  tlie  burnt  cement  t)io  air  taked  up  the 
nBidnc  nt'  heat  and  becomes  hotter  and  hotter,  till,  after  pas- 
ail^  tlirwugh  the  cement  bumed  yeeterday,  the  hot  cnirent 
ignites  at  "lucc  the  dust  coal  as  it  falls  fi-ora  the  feedpipes, 
and  llic  gaseR  thnt^  formed  being  c-arried  on,  mixed  willi  air, 
it  K  prol>able  the  stone  is  burned  considerably  in  advance  of 
where  the  coal  is  supplied. 

**A»  tlie  hot  gases  of  conitniBtion  pass  on,  tliey  give  up  their 
heat  to  the  lim€«ttine,  till,  on  airivnig  at  the  chnnney,  there 
is  only  heat  enough  remaining  to  cause  a  draught  in  a  well* 
c«">nfitriictcd  chiuiney  140  to  150  feet  in  height.  It  is  plain 
that  all  the  heat  of  combustion  is  utilized,  except  Buch  aa  mav 
escape  thrriugh  the  walls  of  the  kiln,  and  as  tno  masonry  is 
ven'  inaf*i\e,  the  loes  from  this  cause  ih  very  i-light. 

"One  pwtnliar  feature  of  thcfie  kilns  is,  tliat  although  less 
likely  tn  get  out  of  order  than  other  kilns,  from  the  fact  that 
Uiere  is  no  movement  iu  the  burning  mnm,  repairs  tnny  be 
eaeilv  made  without  letting  the  fire  ci>  down, 

•^I'hereare  JIi-fTiuuji  kibis  in  whidi  the  fireehavo  not  been 
extinguished  for  five  vears." 

78.  Methods  of  reducing  the  calcined  stone  to  po'w- 
der. — Tlie  calcined  stone  may  !«  i-edueed  to  powder,  either 
by  a  chemical  or  mechanical  procesa.  By  me  first,  water 
combines  with  the  lime,  forming  a  hydrate  of  lime,  which 
proeose  is  termed  elaking.  liy  the  second  the  calcined 
fitone  is  first  broken  into  small  lumps ;  these  are  then  ground 
in  a  mill  to  the  requieite  degree  of  fincncsie,  ascertained  by 
the  sieves  through  which  the  ground  product  mnst  pass. 

TO.  Slaking. — T^ih  may  be  done  in  three  ways: 

By  pfuring  pufiicient  water  on  the  burnt  stone  to  convert 
the  slaked  lime  into  a  thin  paste,  which  is  termed  drmtming 
the  unic. 

By  placing  the  burnt  stone  in  a  basket,  and  immersing  it 
for  a  few  seconds  in  water,  during  which  time  it  will  imbi1>e 
ciiinigh  watfir  to  cniise  it  to  fall,  by  slaking,  into  a  dr}'  pow- 
der; or  by  sprinkling  the  burnt  stt^ine  with  a  snfficient  qnau* 
iHv  of  water  to  pitKlnce  the  satno  effect. 

By  allowing  the  stone  to  slake  sjKintanoously,  firom   the 
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moisture  it  imbibee  from  Uie  acmoepfaere,  which  is  tornit 

80.  Opiuioii  8ccm8  to  be  settled  ainoiij;;  engiiicri»,  that 
drowning  is  ihe  woret  tnethwl  vt  alnkiiig  lime  which  is  to  b« 
(ttod  for  mortars.  'VVTieii  properly  done,  however,  it  pnidiicea 
a  finer  paste  than  either  of  the  other  methods ;  and  It  rnaj 
therefore  be  reaortod  to  whenever  a  paste  of  tliis  character,  or 
a  whitewash  is  wanted.  Sorao  cans,  however,  ia  requisite  to 
produce  tliia  reault.  The  atono  should  bo  fresh  fixim  the  kiln, 
otherwise  it  is  apt  to  slake  into  tum]>0  or  tiito  grit.  Alt  the 
water  ueed  should  Itc  [M^ureil  over  the  stone  at  once,  whii^h 
should  be  arranged  in  a  basin  or  vessel,  so  tltat  the  water  sur- 
rounding it  may  be  gradually  imbibed  aa  the  slaking  proceeds. 
If  fresh  water  be  added  during  the  slaking,  it  uheiiks  the 
proowft,  anil  caiiseft  a  gritty  paste  to  form. 

BL  In  slaking  by  immersion,  or  by  sprinkling  with  water, 
the  stone  eliould  be  reduced  to  smalj-siz-cd  fragment*,  other- 
wise the  slaking  will  not  proceed  uniformly.  Tliu  fal  limes 
should  bo  in  lumps,  about  the  size  of  a  wahiut,  for  immersion ; 
and,  wheu  withdrawn  from  the  water,  should  be  placed  im- 
mediately in  bins,  or  be  oovorcd  witli  sand,  to  confine  the 
heat  and  vapour.  If  left  exposed  to  the  air,  the  lime  becomett 
chilled  and  separatee  into  a  coanie  grit,  which  takes  some  time 
to  slake  thoroughly  when  more  water  is  added.  Sprinkling 
the  lime  is  a  moi-o  convenient  process  than  immersion,  and  is 
equally  g<Kxi.  To  effect  the  slaking  in  this  way,  tlie  stone 
fihoulif  be  broken  into  fragmcutti  of  a  suitable  9\ze,  which  ex- 
periment win  determine, -and  be  placed  in  small  heaps,  sor- 
rounded  by  sufficient  sand  to  cover  them  up  when  the  slaking 
is  nearly  completed.  The  stone  is  then  s]>rinklcd  willi  al>uat 
one  fourth  its  bulk  of  water,  poured  thnmgh  the  rose  of  a 
water! ng-p>t,  those  lumps  whiuh  scein  to  slake  moftt  sluggishly 
receiving  the  most  water;  when  the  pnxwaBseBiuaconijjlctea, 
the  heap  is  carefully  covered  over  with  the  saud,  and  allowed 
to  renuim  a  day  or  two  before  it  ia  nsod. 

82.  Slaking  either  by  iraraersion  or  by  sprinkling  is  con- 
sidered tlio  best.  The  quantity  of  water  imbibed  by  Hme 
when  slaked  by  immersion,  variee  with  the  nature  of  the  lime : 
100  parts  of  fat  lime  will  take  up  onlv  IS  parta  of  water ;  and 
the  same  quantity  of  meager  Hme  will  imbibe  from  20  to  So 
parts.  One  volume,  in  powder,  of  ihe  burnt  stone  of  rich  linio 
yields  from  1.50  to  1.70  in  volume  of  iwiwder  of  slaked  lime, 
while  one  volume  of  meager  Lime,  under  like  circumstanijoa, 
will  yield  from  1.80  to  2.18  in  volume  of  slaked  lime. 

83.  Quick  lime,  when  exposed  to  the  free  action  of  Uie  ait 
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!n  a  dry  localitr,  sluices  slowly,  by  itiibibiiij;  niuisture  from 
tlie  atmosphere,  with  a  sli^jht  disengagement  of  lioat.  Opinion 
eeeuM  to  be  divided  with  regard  to  the  effect  of  this  method 
of  slaking  ou  fat  limes.  Some  assert,  that  the  niurtar  made 
fivm  tlioiii  is  better  Umn  that  obtained  fnnnany  oUiorproccsa, 
aiid  attxibiite  this  result  to  the  re-c^iiiversiun  of  a  purtion  ol 
the  slaked  lime  into  a  carbonate ;  otliers  state  the  reverse  to 
obtain^  and  assign  tlie  same  cause  for  it.  With  rei^ard  to 
hTdratilielime^,  all  agree  that  tJiey  are  greatly  iiijurca  by  air- 
slaking. 

84,  Wlion  the  slaking  is  imperfect  and  is  owing  as  in 
most  cases  to  the  stone  naving  l>ecn  unequally  bumed,  the 
lime  should  bi3  reduced  to  a  iioete  in  a  mortur  mill  tliat  will 
grind  tine  all  the  lumps.  This  is  particularly  neccsaaiy  in 
bydraiilie  limes,  which  are  also  improved  in  cnei^y  by  thiifl 
rcdiK-tion  of  the  nnderhumed  lumps. 

85.  Air-slftked  fat  Itmes  increase  two-fifths  in  weight,  and 
for  one  volume  of  quick  lime  yield  3.53  volumes  of  slaked 
lime.  Tlie  meager  limes  increase  nne-eighth  in  weighty  and 
for  one  volume  i>f  qniuk  lime  ^eld  from  1.75  to  2.25  rolamea 
of  slaked  lime. 

88.  The  dry  hydrates  of  lime,  when  exposed  to  the  at- 
mnaphere,  gradually  ahfiorb  carbonic  acid  and  water.  Tliis 
process  proceeds  very  slowly,  and  the  slaked  lime  never  re- 
gains all  the  carbonic  acid  which  is  driven  ofF  by  the  calciiut- 
tion  of  tlie  lime-stone.  AVlien  converted  into  a  thick  paste, 
and  exposed  to  the  air,  the  hydrates  gradually  absorb  carbonic 
acid  ;  tlua  acti«m  first  takes  place  on  the  surface,  and  proceeds 
more  slowly  frr»ra  year  to  year  towanls  the  interior  or  the  ex- 
posed mass.  The  absoriition  of  gafiiinweeilti  more  rapidly  in 
the  meager  than  in  the  tat  limes.  Those  hydrates  which  are 
most  thoroughly  slaLoiJ  become  hardest.  The  hydrates  of  the 
pure  fat  limes  become  in  time  very  hard,  while  those  of  the 
hydraulic  limes  become  only  moderately  hard. 

01,  The  fat  limes,  when  slaked  by  dro^Tiing,  may  bo  pre- 
served for  a  long  period  in  the  state  of  {wiste,  it  placed  m  a 
damp  situation  and  kept  fn>m  ctmtaut  with  tliu  air.  They 
may  aim  be  preserved  for  a  long  time  without  eliange,  when 
slaked  by  immersion  to  a  dry  powder,  if  placed  iu  covered 
vessels,  llydniulic  limes,  under  similar  circiiirihtani-ea,  will 
harden  if  kept  in  tho  state  of  paste,  and  will  deteriorate  wheo 
d.  powder,  anlcss  kept  in  pcriectly  air-tight  vessels. 

PC  Tho  hydrates  of  fat  lime,  from  air-slakingor  immersion, 
roqnire  a  smaller  quantity  of  water  to  reduce  them  to  the  state 
of  paste  than  the  others ;  but,  when  immersed  in  water,  thev 
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pradiinllv  inilnbo  their  fiill  doBO  of  water,  tho  pnstc  becom 
iiig  tli!f'kt>r,  but  reiiiairiiiig  niicbati£(.^(l  in  vulume.  Exposed 
in  this  WAV,  the  WAter  will  in  lime  Jiitriolvo  ritil  all  the  liineftj 
tlie  hydrate  which  \.b&  not  been  reconverted  into  asubK-arbo- 
uate,  by  tho  absorption  of  carbonic  acid  before  ijnmereion  ; 
uid  if  the  water  contain  carUmic  acid,  it  will  also  diAtulve  the 
carhoiiHt^'d  portions. 

89.  Tlie  hydrates  of  hydraulic  Uiiie,  when  immcreod  in 
water  tn  the  slate  <jf  thin  pastes,  reject  a  [Kirtion  of  tho  water 
from  the  pii^te,  and  become  bard  in  lime ;  if  tho  paste  be 
very  stiff,  they  imbibe  more  water,  set  quickly,  and  acquire 
greater  hardne»)  in  time  than  the  soft  pHbtCB.  llie  pastes  of 
Uxe  hydrates  of  hydraulic  lime,  which  liavo  hardened  in  the 
air,  will  retain  tlieir  hardnesa  when  placed  in  water. 

90.  All  limes  seem  to  havethcirhydraidicenerpy  affected 
by  Uie  degree  of  their  i^leination  ;  but  only  in  their  first 
Btagea  of  ininiersion.  This  is  observed  even  in  underbumed 
common  lime  wlnrh,  when  suitably  reduced,  is  fomid  to  be 
eli^htly  hydranlic. 

§1.  The  pastes  of  the  fat  limea  shrink  verr  unequally  in 
drying,  and  the  shrinkage  increases  witli  the  purity  of  the 
lime:  on  ibis  accoiuit  it  is  difficult  to  apply  them  alone  lo  any 
building  purp«ifte«,  except  in  very  t)iin  lavors.  The  paetce  of 
tho  hydi-auHc  limes  can  be  uned  only  with  advantage  under 
water,  or  where  tliey  arc  constantly  exposed  to  Imtnidity ;  and 
in  these  situations  they  are  never  used  alune,  us  they  are 
found  to  succeed  as  well,  and  to  present  more  economy,  when 
mixed  with  a  portion  of  sand. 

82.  Manner  of  reducing'  hydraulic  cement— As  the 
cement  stones  will  not  slake,  they  must  be  reduced  to  a  fine 
powder  l»y  some  mechanical  process,  before  they  can  be  con 
verled  into  a  hydrate.  The  metlicds  usually  employed  for 
this  purpose  eonsiBt  in  first  breaking  tho  burnt  stone  into  small 
fragments,  either  under  iron  cylinders,  or  in  conicftl-*hai)ed 
mifia  suitably  formed  for  this  purptwe.  The  product  is  next 
ground  between  a  pair  of  stones.,  or  else  cnislied  by  an  iron 
roller.  The  coarser  particles  are  separated  from  the  fina 
powder  by  tJie  ordinary  processes  with  sieves.  Tho  powder 
IB  tlien  carefully  packed  m  air-tight  casks,  and  kept  tnr  use. 

83.  Hydraulic  cement,  like  hydraulic  lime,  detenoratesby 
expcenre  to  the  air,  and  may  in  time  lose  all  its  hydraulic 
pniperties.  On  this  account  it  sliould  be  used  when  frealj 
from  tho  kiln ;  for,  however  carefully  packed,  it  cannot  be 
well  proserved  when  transported  to  any  dtstaDce. 

84.  The  deterioTHlion  oi  hydraulic  cements,  from  exposniv 
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k  .ho  air,  arises,  probably,  from  a  chomicnl  difinnion  between 
th .  cDUStitueiit  cleinenta  of  the  bunit  stone,  oecaabiied  bv 
thr.  ab8oq>ti(in  of  water  and  carljonic  acid.  Wlien  injured, 
tht'ir  energy  uon  be  restored  by  eubmitting  tliein  Ut  a  inneh 
»li>^hter  <li»gree  of  heat  than  that  which  in  ]-e<|ui9ii:e  to  calcine 
tha  stone  snitably  iu  the  firet  insiance,     Fixnn  the  experi- 


ments of  M.  Petot,  it  appears  that  a  red  hcnt,  kept  uji  for 
cemeota. 


abort  period,  is  ealHcient  to  restore  damaged  hydi-anlio 


95.  "  As  a  rtilo,  all  liydraulio  cementa  produced  at  a  low 
Iieht,  whether  derived  fi-otn  ai^illaceoua  or  arj»iIlo-mft^iewan 
linie-stoiica,  are  lirrht  in  weif^hi.  and  qiiick-setliug,  and  never 
attain,  when  made  into  monar  or  bdton,  more  than  30  t<^  >i3 
per  cent,  of  the  strength  and  hardne*«  of  Portland  cement 
place<l  in  similar  cirL-umatancfa.  They  are  aliw  greatly  in- 
ferior to  good  hydnuilic  lime.  Thi;*  is  tnie  of  nTl  <rcil"ieut9 
made  at  a  low  heat,  including  cveii  tlioee  derived  fmm  liine- 
Btones,  tliat  might,  with  proper  burning,  have  yielded  Portland 
cement.  The  celebrated  Konian  cement,  the  twice-kihied 
artiiicial  cements,  the  quick -set  ting  French  cement,  like  that 
of  Vaaey,  and  all  the  nydraulic  cements  mannfactnred  at  the 
pneeut  day  iii  the  Uuitcd  States,  belong  to  tltie  category'.'* 

96.  ARTIFICIAIi  HYDRAUIilO  UMES  AND  CE- 
I^SENTS.  The  discovery  of  the  ari^illaccons  character  of  the 
■tones  wliii-h  yield  hvdniulit!  liines  and  comeuts,  cotuieeted 
with  tlio  fact  tliat  brfck  reduced  to  a  fine  powder,  as  well  as 
■ereral  Biibsiances  of  volcanic  oriirtn  havinj;  nearly  the  same 
oonstifiient  elements  a.s  urdinarj-  brick,  when  mixe*!  in  suita- 
ble prt<iKirlion9  with  common  lime,  will  yield  a  ymRto  that 
hardens  under  water,  has  led,  within  a  recent  period,  to  arti- 
ficial metliods  of  producinc  compounds  possessing  the  proper- 
ties of  natural  hydraulic  limfSt^iues. 

97.  M.  Vicflt  wnfi  the  first  to  j»oint  ont  the  method  of  form- 
ine  an  artificial  hydraulic  lime,  by  nn'xing  common  Hm©  and 
ntibiimt  clay,  iu  auitaldc  pifiiKn-tions,  and  then  ealciniiij; 
them.  The  experiments  of  M.  Vicat  have  been  repeated  liy 
several  eminent  enL'inccrs  with  cntnplete  success,  and  among 
olherK  by  General  ^'iisley,  whn,  in  a  recent  work  by  him, 
Of>AprvafiofiJt  on  Limffi,  ('nUar^otut  C'emenfJi,  etc.,  has  gi^nn, 
with  minute  detail,  the  results  of  hi^  experiments ;  from  wliich 
it  ap^tears  that  an  Iiydraulic  cement,  fully  equal  in  quality  to 
that  obtained  fiMm  natural  stones,  can  be  made  by  mixing 
common  lime,  either  in  the  state  of  a  carlionate  or  of  a  hy 
dinte,  witli  ulay,  and  subjecting  the  mixture  to  a  suitable  de 
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gree  of  heat  In  some  parts  of  France,  where  chalk  U  found 
ftlumdaiillv,  the  prepflration  of  artificial  hydraulic  lime  has 
bc<50ine  a  iiranch  of  inannfucturo. 

98.  Different  rnetluxls  have  Ijoen  piirsned  in  preparing  thU 
material,  the  maitk  ubjcct  beinc  to  eecure  the  nncet  mechan 
icat  divi^i(tii  of  the  two  ingreJientfi,  aiid  their  lliuruugh  iiiiX' 
tare.  For  this  imrpc>8e  t}ie  lime-etonef  if  »ift,  like  Jhalk  or 
tufUj  may  be  reduced  in  a  wasb-milt,  or  a  rollint^-inill,  to  the 
state  of  n  aoft  pulp ;  it  is  then  inwirporated  with  the  clay,  by 
pai»fing  thom  thmiigh  a  pug-milL  The  mixture  is  nert 
moulded  into  sniall  blocks,  or  made  np  into  balls  l)ctween  '2 
and  3  inches  diameter,  by  band,  and  well  dried.  Tlie  hal 
are  placed  in  a  kiln, — euitAbly  calcined,  and  are  finally  elaked^ 
or  gronnd  down  tine  for  hm).* 

w.  If  the  liiue-Htoiic  be  hard,  it  must  be  calcdned  and 
slaked  in  the  UBiial  manner,  before  it  can  ho  mixed  with  the 
clay.  Tbp  proce*a  for  mixing  the  ingredients,  their  calcina- 
tion, and  further  preparation  for  ase,  are  the  same  as  in  tlie 
precedini;  case. 

100.  Tiio  artificial  hydraulic  cement  mannfactnrsd  in 
France,  at  Bonloftno,  and  possessing  the  same  qualities  as  the 
artificial  Portland  cement,  is  comjM»ed  of  71V5  |H?r  cent,  oi 
carbonate  of  lirae  in  powder,  and  20.6  of  clay,  which,  after 
being  thoroughly  mixed,  are  subjected  to  a  very  high  degree 
of  tinnpernture. 

101.  ^\^lat  ift  known,  in  commerce  and  am<ing  engineer^, 
as  nrtifii'.iHl  Portland  cement,  is  a  mixture  of  rho  blue  clay  of' 
tlie  Jjondon  basin  and  chalk,  formed  by  grinding  the  materials 
U^ther  in  water.  The  semi-fluid  mixture  is  run  oflF  into 
valA,  and,  after  settling  and  attaining  (;uf!icient  cnnsistency)  is 
dried  by  artificial  lieat  and  then  calcined,  at  a  high  tempera- 
ttire,  to  the  verge  of  vitrification.  It  is  tiion  reduced  for  use 
to  a  very  fine  powder.  It  is  said  not  to  doterii.irato  frrMn  ex- 
posure to  tJie  air,  provided  it  be  kept  from  moisture. 

102.  Artificial  hydraulic  lime,  prepared  fn>m  the  hard 
limcwtoncfl,  is  moi*o  expensive  than  that  nmdo  fnmi  the  soft; 
but  it  is  stated  to  be  siiiiorior  in  quality  to  the  latter. 

103.  .'Vs  clays  aie  seldom  free  from  carbonate  of  lirae,  and 
%a  the  litiiost<ines  which  yield  common  or  fat  lirae  may  ooq 
tain  some  jixrtion  of  clny,  tho  proper  pn»iH>rtioiis  of  tlie  two 
jigredients,  to  produce  eitlier  an  hydraulic  lime  or  a  cement, 
must  be  dotcnuincd  by  experiment  in  cnt^h  case,  guided  by  ■ 
previous  aiudvsis  of  the  two  ingredients  to  lie  tried. 

If  tlie  lime  be  pure,  and  the  alay  bo  fiY-e  from  lime,  ther. 
the  tiombinationt)  in  the  proportiuus  given  in  the  table  of  M 
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Petot  will  give,  hv  ralcinfltion,  like  resiilta  with  the  siiine 
propordone  when  /ound  naturally  coinbiued. 

104.  Puzzolana,  etc.  The  prautico  of  xaing  brick  or  tile- 
dtistf  or  a  volimiiie  8uht>tBnce  known  by  the  imme  of  pnzzo* 
Una,  mixed  with  trommon  lime,  to  form  an  hydraulic  lime, 
was  known  to  the  KoinnuB,  by  whom  niortiirs  (x>mpo6ed  of  these 
materiaU  were  extensively  uBed  in  their  hvdraiilic  oonstruttions. 
Thii?  practioe  liaa  been  more  or  less  followed  bv  modern  engi- 
neers, who,  until  within  a  few  years,  either  iu<ed  the  puzzolana 
of  Italy,  whero  it  is  obtained  near  Monnt  Vesuvine,  in  a  pul- 
Terulent  fitate,  or  a  material  termed  T'ffMii,  nianufaetnreo  in 
Holland,  by  grinding  to  a  fine  powder  a  volcanic  stone  obtained 
near  Andcmach,  on  the  Rhine. 

Experiments  by  several  eminent  cheiniste  have  extended 
the  list  of  natural  Bniwtances  whi(!h,  when  i)rciperly  biinit  and 
reduced  to  [>owder,  have  the  same  pntperlies  as  puzzolana. 
They  mr*tly  belong  to  the  feldsptttnic  and  R-bietoeo  rocks, 
•nd'ftre  either  fine  sand,  or  clays  more  or  less  indurated. 

Tfie  follovfing  TahU  givn  the  results  of  analyse  ofPiizzo- 
Iun<iy  Trass,  a  £as<iH,  and  a  Sc/ttstuSy  ir/iiM,  w/ien  Inimi 
and  potoderedy  were  fowid  to  possess  the  properties  of 
puaxofnna. 
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105.  ^STiether  natural  puzzolanas  occur  in  the  United 
States,  is  not  known.  ITic  grcttt  abundance  of  natural  hy- 
draulic eoments  would  probably  cause  no  demand  ffir  them, 
nor  for  artificial  puz&tlanas  for  building  purjMWCs. 

106.  All  of  there  »ubHt*nces,  when  prt-jmrfd  artificially, 
are  now  generally  known  by  tJic  name  of  artijicial  jmzzoianaa. 
in  (wntradistinetion  to  thoee  which  occnr  naturally. 

101.  General  Treusaart,  of  the  French  Cori»  of  Military 
Engineexs,  first  attempted  a  ^stematic  investigation  of  the 
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properties  of  artiBcial  puzzolaima  iiiadf  fn^n  ordtnary  clay 
fliid  of  flu!  bfht  rniuiTirrof  [iropnriny;  th^m  nn  a  lavp>  soalo 
It  arjiears  from  the  reeults  of  his  evperimcTits,  that  the  pUt*- 
tic  clays  use^I  for  tilca,  or  pi)ttery,  which  are  unctiU'iis  to  tlic 
touch,  the  alumina  iii  tlifni  heing  in  the  proportion  of  one 
fifth  to  ono  third  of  the  flilica,  fni-nifth  Cho  bo«t  artificinl  puixr>- 
laiioii  when  suitably  burned.  Tlie  cla\-s  which  are  more  mea- 
ger, and  harsher  to  the  tonch,  yirld  an  inferior  article,  but  are 
in  Bomo  cases  preferable,  from  the  greater  ease  with  which 
they  can  bo  reduced  to  a  powder. 

108.  As  tlic  ehiys  iirmtly  contain  lime,  maeneaia,  Rome  of 
tlie  motallic  nxidea,  and  alknlino  aalta,  Oener^  Trenswart  en- 
deavored to  adeertaln  the  infliienee  of  the?e  snlfftaneca  upon 
the  qnalities  of  the  nilificial  pus-jMilanaa  from  clays  in  which 
they  are  found.  He  states,  tlmt  the  cnrlKmalo  of  i*fitju-h  and 
the  muriate  of  soda  seem  to  act  beneiiciaUy ;  that  niagnrttiu 
Menu  to  be  poEsLve,  as  well  as  the  oxide  of  iron,  except  when 
the  latter  is  round  in  a  lar^p  pn>portion,  whctj  it  acts  nnrtfiil- 
ly;  and  that  the  lime  has  a  material  influence  on  ihe  degree 
of  heat  required  to  convert  the  cUy  iato  a  good  artificial  piu- 
zolana. 

109.  Tlie  management  of  the  heat,  in  the  preparation  of 
thia  material,  ficomH  of  the  first  eonBcquenee ;  and  General 
Treuwart  nx-ommcnda  that  direct  eNperiment  be  rewirted  tn, 
as  the  moat  certain  means  of  aBccrtaining  tiic  prtJixr  point. 
For  this  puqiosc,  Rptscimens  of  the  elay  to  bo  trie<!  tnay  be 
knea<led  into  balls  as  large  as  an  e^j?,  and  the  balli^  when  dry, 
be  submitted  to  different  decrees  of  heat  iu  a  kiln,  or  funmec, 
through  which  a  current  oF  air  must  pass  over  the  lialla,  aa 
thia  last  circumstance  is  essential  to  aocnro  a  material  pt>Hge!ts- 
ing  tlie  heat  hydmuUc  qualities.  Some  of  the  balls  ara  with- 
drawn as  Boon  as  their  color  indicates  that  they  aro  imder- 
biirnt;  others  when  they  have  the  ajipcarancc  of  well  burnt 
brick;  and  others  when  their  cnlor  slmws  rliat  tliey  are  over- 
burnt,  but  before  they  become  vitrifiwl.  The  burnt  bails  nru 
reduced  to  an  Impaliiahle  powder,  and  this  is  mixetl  with  a 
hydrate  of  fat  Ume,  in  the  prowrtiou  of  two  parts  of  iho  pow 
der  to  one  of  Ume  in  paste.  Water  is  added,  if  neeoasnry,  tc 
bring  the  different  mixtures  to  the  consistence  of  a  thick  pulii ; 
and  they  are  separately  placed  in  glasfl  vessels,  »roverc<i  with 
water,  and  allowed  to  remain  until  they  liarden.  The  com- 
poind  which  hardens  most  promptly  will  indicate  the  mow 
Buitablo  degree  of  lieat  to  be  applied. 

110.  As  the  carl>onatcs  of  lime,  of  potash,  and  of  eoda,  acl 
na  Ouxes  on  silica,  the  presence  of  any  one  of   them  will 
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UHxlifr  the  degree  oi  hc&t  necef^&ar)*  to  convert  tfat  clay  intc 
A  PXkI  natural  pny^ilaiift.  Clay,*w)iUaining  about  one  tenth 
of  litiie,  shoiiM  be  bnmi^bt  to  alwiit  the  statu  of  slightly- burnt 
brick  The  nt:hreous  clays  require  a  higher  d(*j;n;e  of  heat  to 
f»Qvert  tJiem  into  a  good  material,  and  Blxmld  be  burnt  until 
thoy  asaume  tlio  appearance  of  well-bnrnt  brick.  The  more 
refractory  clays  will  Iwar  h  etill  higher  degree  of  beat ;  but 
the  calcination  should  in  no  case  5e  carried  to  the  point  o£ 
incipient  vitrification. 

IIL  The  quantity'  of  lime  coutaijied  in  the  clay  can  be  read- 
Uv  ti^certaiiiod  beforehand,  by  treating  a  &raall  portion  of  tlie 
cmy.  diffiiM(d  in  water,  \Tith  enougli  muriatic  acid  to  disdolve 
out  Uie  lime ;  and  thia  last  might  serve  as  a  guide  in  the  pro- 
Unjinury  siuges  of  the  e.xperinjtnts. 

112.  (Jenojul  Treus^ai't  Rtates,  as  tJie  roBults  of  Ins  experi- 
ments, tliat  the  mixture  of  artificial  paz2olana  and  fat  lime 
forms  an  hydraulic  paste  superior  in  quality  to  tliat  obtained 
by  M.  Vicat's  process  for  making  artificial  hydraulic  lime. 
si.  Curbois,  a  French  civil  engineer,  in  a  memoir  on  tliese  ar- 
tiiivial  compounds,  published  in  the  Annales  dea  Ponta  ei 
CAatt99^f€,  lS3i,  and  General  Pasloy,  more  recently,  adopt 
the  conclusion  of  General  Ti-eussort.  M.  Vicat's  process  ap- 
ytT&n  be»t  adapted  when  clialk.  or  any  very  sr^ft  llme-fttone, 
which  can  be  readily  converted  to  a  soft  pulp,  is  used,  as 
ofiTering  more  econumv,  and  affording  an  hydraidic  lime  which 
\f-  Kiifiirticntlr  Btmng  for  most  building  pnrpo6cs.  By  it  Gen- 
eral Pasley  has  anccocded  in  obtaining  an  artificial  hydranlio 
cement  which  is  but  little,  if  at  all,  inferior  to  the  host  natu- 
ral vHru'tics ;  a  rtwult  which  liiu>  nut  been  obtained  from  any 
uoinbination  of  fat  lime  witli  puzzolana,  whetlier  natural  or 
artificial. 

113.  -Ml  the  pujEXolanas  posaoBe  the  important  proper^  of 
not  deteriorating  hv  exposure  to  the  air,  which  w  not  the  case 
ir[th  any  of  the  hydraulic  limes  or  cements.  This  property 
may  render  them  very  servic^jable  in  manv  localllios,  where 
anlv  oiimuion  or  focbly  hydmullc  lime  c«n  be  obtained. 

U4.  The  well-know:i  artificial  Portland  cement,  manufac- 
tured in  England,  IS  composed  of  an  intimate  mixture  of  chalk 
ami  clay,  in  the  state  i»f  paste,  whiirh  is  then  dried  and  burned 
in  kiln*  or  ovens;  the  prcvduct  of  the  calcination  Iwing  flinty, 
or  like  vitrified  brick.  This  dej'ree  of  calculation  is  cesential 
ti}  the  excellence  of  the  material,  of  which  its  weight,  or  spe 
uiflc  granty,  is  one  of  the  best  testa. 

Another' more  recent  methifd  of  giving  a  certain  degree  ol 
hydi-aulicity  to  common  limes,  and  of  improving  that  of  by- 
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^Bamiilic  limes,  is  to  place  (lie  calcined  stone,  after  it  has  been 
^PdrawD  from  the  kihi,  iti  an:li<r<l  ovciis  which  can  be  iiituio  air- 
tight, in  which  it  can  he  eubietited  to  tiie  action  of  a  fire,  from 
a  grate  beiicaih ;  so  that  txie  heat  can  be  equally  diffused 
throughout  the  mass,  which  is  brought  only  to  a  sh'ght  glow, 
as  seen  by  the  eye.  ^Vhen  in  tJiis  condition,  iron  \HyU>  (contain- 
ing sulphnr  are  placed  underneath,  and  the  sulphur,  converted 
into  vapour,  allowed  to  permeate  tlie  mass  of  lime ;  the  escape 
of  tliu  vajjour  from  the  oven  having  been  previouBlv  provided 

Xiiiiit.  After  the  aulphnr  has  been  conRunied  the  mass  is 
wed  to  cool,  and  is  then  ground  tine  like  other  cements. 
This  product  is  known  in  coniniorcc  as  Scotia  cement,  from 
the  name  of  tlio  inveutur,  an  officer  of  the  Royal  Engineoia. 
See  Prqfesfwnal  Papers  of  the  Cor$>t  of  Moyal  Erurineera 
rVoLX.    New  Series 
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115.  Mortar  is  any  mixture  of  linio  In  paste  with  sand.  It 
may  bo  divided  into  two  principal  classes ;  Hydraulic  mor- 
tar,  which  is  mode  of  hydraulic  lime,  and  Common  mortar^ 
made  of  common  lime. 

116.  The  tenn  Ortrut  is  applied  to  any  mortar  in  a  thin  or 
flnid  state;  and  the  terras  tJoncrtfte  and  Scion^  to  mortars  in- 
corptu-atcd  with  gravel  and  »mal!  fragments  of  stone  or  brick- 

in.  Mortar  is  used  for  various  nurj)oec8  in  building.  It 
serves  as  a  cement  to  unite  blocks  of  stone,  or  brick.  In  con- 
crete and  beton,  which  may  be  rcganled  ns  artificial  conqimn- 
erate  s/owtf*,  it  forms  tlie'ma/rMt  bv  w-hich  the  gravel  and 
broken  stoue  are  held  togctlior;"  and  It  Is  the  principal  mate- 
rial with  which  the  exterior  surfaces  of  walls  and  the  interior 
of  edifices  are  coated. 

118.  The  quality  of  mortarB.  whether  used  for  structure;! 
expoifid  to  tlic  weather,  or  for  tJiose  immersed  in  water,  will 
depend  ujkim  the  nature  of  the  materials  used  ;  tlieir  prow.r 
tiimft  ;  tlie  manner  in  which  the  lime  lias  been  csonverted  in- 
to a  paste  to  receive  the  sand  ;  and  the  mode  employed  to 
mix  the  ingredients     Upon  aJl  of  these  points  exitrinient 
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h  the  oiiij  nnerriDg  guide  for  tho  engineer ;  for  thd 
l^reat  diversit}' in  the  constituent  elements  of  Uincstume,  m 
well  M  in  tlic  other  ingredients  of  niortare,  miiBt  net-fsftarilv 
ftloiie  give  rise  tu  diverhttioA  in  rottnll^  j  And  u'hcn,  to  rhe^o 
oauM«  uf  v&mtion,  ai-e  superadded  those  resulting  fix>ui  dif- 
ferent proce&'^eg  pui-sued  in  the  manipulations  of  bhiking  tlie 
time  &nd  mixing  the  ingredicnta,  no  sui-pritie  should  lie  felt  at 
the  seemingly  opposite  cnnclufiions  at  wnieh  wriroiis,  who  have 
pnreaed  the  subject  experimentally,  have  arrived.  From  the 
great  uias6  of  faeU,  however,  prci^entcd  on  tlm  subject  witliin 
a  few  years,  fiuine  general  rules  nmy  be  laid  down,  whici}i  tlie 
engineer  may  safely  follow,  in  the  absence  of  the  means  of 
making  direct  experiments. 

118.  Aa  In  the  ai'tion  of  salt  water  on  artifi<;ial  hydrauliu 
limes  made  by  mi.xing  common  lime  with  a  natural  or  artifi- 
cial puz2(ilana,  opinion  among  European  engineers  eccma  di- 
Tidou.  Some  state  that  they  witliAtand  well  the  action  of  ealt 
waTA!r ;  others  that  they  resist  this  action  only  after  tbe  ex 
pcMcd  surface  bcuomett  coated  with  barnacles,  oysters,  etc 

120.  The  view  now  generally  taken  of  ntortar  is,  that  being 
an  artiticial  sandstone,  tlic  nearer  its  constitnente  approach 
those  of  the  imtur.il  sandstmios,  the  better  will  be  the  result 
obtained  ;  and  l.luit  tliEM-cfni-e  tlic  beet  pitinoitions  for  ite  in- 
irredienta  are  tlio^  in  which  each  grain  of  Band  is  enveloped 
with  just  suflieieul  lime,  in  a  barely  moist  etato,  to  cause  the 
whole  masb  to  cohere  and  set  quickly.  Too  much  lime  causes 
ahrinka^  and  cracks ;  and  when  too  much  water  is  added 
Ihe  nuiBS  in  dryinr;  is  found  to  bo  porous. 

ISL  Sand.  TLIb  niateriaU  which  forms  one  of  the  ingro- 
dienttiuf  mortar,  is  the  granular  product  arising  from  tho  ois- 
integratioa  of  rocks.  It  niuv,  therefore,  like  the  rocks  from 
which  it  is  derived,  be  divided  into  three  principal  varieties 
— the  silicious,  the  calcareous,  and  the  ar^llaueous. 

Sand  is  also  named  from  the  locality  where  it  is  obtained, 
a&pit  sand,  which  is  procured  from  excavations  inallurial,or 
otlier  dejK«it)i  (if  disintegrated  n>ck;  rit'HrsaTul^&tiiisfasand^ 
which  are  taken  from  the  shores  of  the  sea,  or  rivers. 

Builders  again  claaaify  sand  according  to  the  size  cf  tho 
eratn.  The  term  coarse  sand  is  applieu  wheu  the  grtin  va- 
nes between  ^th  and  ^thof  an  inch  indiameter;  thetenn,/frjc 
tend,  when  the  grain  is  between  -^th  and  Ath  of  au  incJi  in 
diameter ;  and  the  term  mined  aand  is  used  for  any  mixture 
of  the  two  preceding  kinds. 

1522.  The  nilicious  sauds,  arising  from  the  quartzose  rocks^ 
are  the  mubC  abundait  and  arc  usually  preferred  by  buildera 
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Hie  calrAi-eons  Mnds,  from  biml  calcareons  ryxiks,  are  mon 
rare,  but  form  a  good  ingredient  for  mortar.  Some  of  tJie 
argillaiTpoiis  samls  possess  tlie  pnipcrties  of  the  leas  enei-getic 
imza)laiinf^,  and  are  thoreforo  verv  valuable,  ae  forming  with 
coiunuiii  lima  an  artitidal  h^vdraulic  lime. 

123.  Tbo  prupeilv  wliiuh  wjrne  aigillaceoiw  Bands  poeseaa, 
of  forming  with  L-ouiniuu,  or  slightly  hydraiilio  Hmo  a  com- 
ponnd  which  wHl  harden  under  water,  has  been  long  known 
xn  France,  wherL'  these  sands  mv  luruied  arenes.  TLe  sanda 
of  this  naliireure  ttt^imllv  found  in  hilKiuka  along  river  vidloys. 
These  hillocks  et^motinica  rest  on  calcai'eoDS  rocks,  or  ai*giU 
laceous  tufas,  and  arc  frequently  formed  of  altcniate  bedji  of 
the  sand  and  pebbles.  The  sand  is  of  various  colors,  such  as 
yellow,  red,  and  green,  and  sueuis  to  have  been  formed  frtmi 
the  disinte^rratiou  of  clay  in  a  nKH'o  or  leiw  indurated  stale. 
The  ar6neti  arc  not  ns  energetic  aa  either  natural  or  arliticial 
puzzohuias ;  etill  llioy  form,  with  common  lime,  an  excellent 
inoilAr  for  masonry  exposed  eitiier  to  the  open  air,  or  to 
humid  localities,  as  tlie  foundations  of  edttices. 

124.  fil-tiand  has  a  ruuglier  and  more  angular  grain  than, 
river  or  sea  aiiid  ;  and,  on  tliia  account,  is  generally  prefer- 
red hy  buildei-s  for  moi-tars  used  for  brick,  or  stone-work. 
WKether  it  fonns  a  stronger  mortar  than  the  other  two  is  not 
positivclv  Mjtlled,  ulthuugh  £ome  ex^jcrimunte  wotUd  lead  to 
the  conclusion  tliat  it  doert. 

120.  River  and  soa  sand  arc  hy  8*jmo  preferred  for  plaat^r- 
ing,  bei^iiBO  they  are  whiter,  una  have  a  finer  and  more  uni- 
form grain  than  pit  gand  ;  but  as  Ihe  snndfi  from  the  aborea  of 
tidal  watere  contain  salts,  they  should  not  be  used,  owing  to 
their  hvgi-umetric  prujH.Tliei»,  before  the  salts  are  dissolvod  out 
in  fre«i  water  bv  earefnl  washing. 

12G.  Pit  sand  is  seldom  obtanied  free  from  a  mixture  of 
dirt,  or  chiy  ;  and  these,  when  found  in  any  notable  quantity 
in  it,  give  a  weak  and  bad  mortur.  Earthy  sands  should, 
therefore,  be  cleansed  frcim  dirt  befiire  using  (hem  for  mor- 
tar ;  this  may  be  effected  by  washing  the  sand  in  shallow  vatis 
and  allowing  the  turbid  water,  in  which  the  day,  dust  aud 
other  like  impurities  are  held  in  su82)en8ion,  to  run  off. 

127.  Sand,  wlien  pure  or  well  cleansed,  may  be  known  by 
not  (•'jjling  the  tingera  when  ruMtcd  between  them. 

128.  Hydraulic  mortar.  This  material  may  bo  made 
from  tlie  natural  hydraulic  liine^  ;  fn>m  those  which  are  pre- 
pared by  M.  Vicat's  proeefls  ;  or  from  a  mixture  of  common 
or  feebly  hy  Iranliclime  with  a  natural  or  artificial  ptizKolana, 
All  writers,  however,  egree  that  it  is  better  to  use  a  Datura! 
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ihan  an  artificial  hydraulic  lime,  when  the  fonrier  can  be 
readily'  prwMirfd. 

129.  Wlicn  iholime  used  is  strongly  Iiydraiilic,  M.  Vieat  ia 
of  opinion  that  sand  alone  shonld  lie  used  with  ft,  to  form 
a  gt"od  hydraulic  mortar.  General  TreusBart  has  drawn  the 
(-(Miclusioii,  from  his  experiraente,  tliat  the  raortar  of  aU  by- 
dranlic  liinw  ia  improved  by  an  addition  of  a  natural  or  arti- 
fifial  piuEwUna.  The  quantity  of  eand  used  may  vary  from 
1 J  to  a  parts  of  the  Iitce  in  Lidk,  when  rcducwi  to  a  thick 

pulp- 

130.  The  practice  of  the  United  States  Corps  of  Engineers, 
in  the  conBtmctiou  of  heayy  masoniy,  has  been  to  add  from 
2.5  to  3.5,  in  bulk,  of  compact  sand  to  one  of  lime  of  a  tliick 
paste  in  the  composition  of  Uieir  hydraulic  mortars  ;  and  it 
has  been  found  that  an  equal  bulk  uf  commou  lime  in  paste 
can  be  mixed  with  hydraulic  cement  paste  without  occasion- 
ing any  material  diminntion  in  the  strength  of  the  resulting 
mortar. 

13L  For  hydraulic  mortars,  made  of  common,  feeble,  or  on 
dinary  hydraulic  limes,  and  artificial  puzKolaua,  M,  Vical 
Mates  that  the  nuzzctlana  should  be  the  weaker  as  the  lime  is 
more  strongly  hydraulic ;  using,  for  example,  a  very  encr 
gt?tic  puzzoTana  with  a  fat  or  a  feebly  hydraulic  lime.  Tlio 
prftpoi-ti(tn  of  snnd  which  c«n  be  incorporated  with  tliei-o  in- 
gieilientg,  to  funn  an  hydraulic  mortar,  is  staled  by  General 
Treaesart  to  be  one  volume  to  one  of  pnzzolaiia,  and  one  of 
lime  in  paste. 

132.  In  proportionimE  the  ingredients,  the  object  to  which 
the  mortar  is  to  be  applied  shoidd  be  i-egarded.  AV'^lien  it  is 
to  servo  to  unite  stone,  or  brick  work,  it  is  better  that  the  hy- 
draulic lime  should  be  ratlier  in  excess:  nlieu  it  is  used  a^  a 
juatrix  for  l>f-ton,  no  more  lime  should  be  used  than  is  strictly 
required.  No  harm  will  arise  from  an  excess  of  good  hydrau- 
lic lime,  in  any  case;  but  an  excess  of  common  lime  is  injuri- 
ous to  the  quality  of  the  mortur. 

133,  Common  and  ordinary  hydraulic  limes,  when  made 
into  raortar  with  ar^nes^  give  a  gO'»d  material  for  hydraulic 
purpose*.  TliB  proportions  in  which  these  have  been  found 
to  (succeed  well,  are  one  of  lime  to  three  of  artnet. 

134-  Hydnmlic  cement,  from  the  promptitude  with  which 
it  tinrdeuB,  iHith  in  the  air  and  under  water,  is  an  iuvalu- 
iible  uiateriid  where  this  propoi-ty  is  essential.  Any  dose  of 
Kind  injores  its  properties  as  a  cement.  But  hydraulic  ce- 
ment may  be  added  witli  decided  advantage  to  a  mortar  of 
common,  or  of  feebly  hydraulic  lime  and  sand.     It  is  in  tliis 
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WHY  tliat  it  is  gcneml]^-  iieed  in  niir  public  worTcs.  Tlie  f'rcnch ' 
engiiiwM'h  give  tJio  prefereiiuu  to  a  good  hvdraiilic  UK)rtar  uvof 
hvdranlic  cement,  b'jth  for  uniting  stone,  or  bn'ck  work,  and 
for  plasWriiig.  They  find,  from  tlieir  practice,  tbat  wbon 
used  as  a  etiieoo,  it  doee  not  witbstfind  well  the  efTerts  of 
weather ;  that  it  ewelb  and  uracks  lu  time ;  and,  wlten  laidoa 
in  siicceesivQ  coats,  tbat  tbcy  become  detached  from  each) 
other. 

(rcneral  TnidcT,  who  has  paid  great  attention  to  the  pro 
pertics  of  niitiiral  and  artiticiiil  bydranUc  cements,  does  not 
B«;rou  with  tJit;  Frciuili  eriginecrB  in  Iiis  conclusion*.  HestaCei 
that,  when  skilfully  applied,  hydraulic  cement  is  sujierior  to, 
any  hvdnniLiti  moitar  for  masonry,  hnt  tbat  it  tnust  he  used 
(inly  m  thin  joints,  and  when  applied  as  a  stucco,  tbat  it 
should  bo  laid  on  in  but  one  coat;  or,  if  it  be  laid  on  in  two, 
the  second  nin^t  be  added  long  before  the  first  has  sot,  so  that, 
in  fact,  tlie  two  make  but  one  coat.  By  attending  to  these 
precautioiiB,  Geneml  Pasley  elates  tbat  a  stucco  of  hydniulic 
uement  and  sand  will  witlistand  perfectly  the  effects  of  frost. 

135.  Mortars  exposed  to  weather. — The  French  engi* 
neei-s,  who  have  paid  great  attention  tu  the  subject  of  mortars, 
coincide  in  tiio  opinion,  tliat  a  mortar  cannot  be  made  of  fat 
lime  and  any  inert  sands,  like  tliow  of  the  eiliciouB,  or  <!alcft- 
roouR  kinds,  which  will  withstand  tlie  ordinary  exposure  of 
weather  ;  and  that,  to  obtain  a  g<x)d  mortar  for  this  puri>osc, 
either  the  bydmullu  liuies  mixed  uirh  raiuI  muat  be  employed. 
or  else  common  lime  mixed  either  with  arhves^  or  with  a  puz- 
zolana  and  sand. 

138.  Any  pure  sand,  mixed  in  proper  proportions  with  hy- 
draulic lime,  will  give  a  good  mortar  for  tlie  open  air;  but 
the  hardnetis  of  the  mortar  will  be  affected  by  the  size  of  tlie 
grain,  particularly  when  hydraulic  lime  is  used.  Fine  sand 
yield*  (he  Irfwt  mortar  with  pood  hydi-aulie  litne;  mixed  saud 
with  the  feebly  hydraulic  limes;  and  coarse  sand  witli  fat 
lime. 

137.  For  mortar  to  be  used  for  filling  the  exterior  of  the 
jointM,  orasitislermod,  for  jiointing,  the  amount  of  lime  paste 
in  bulk  should  be  but  slightly  greater  than  that  of  the  void 
BUHces  of  graiits  of  saud.  Tlie  oulk  of  saud  for  this  purpose 
anould  bo  from  2.5  to  2.75  tbat  of  the  lime  paste. 

13S.  TTie  pi'oi>'>rtion  which  the  lime  should  bear  to  the 
•and  seetns  to  depend,  in  some  meaBui-e,  ou  the  manner  in 
which  the  lime  is  slakeil.  M.  Virat  statea,  that  ibo  strength 
of  mortar  made  of  a  stid  paste  of  fat  lime,  slaked  in  theordi' 
Duy  way,  increases  from  0.50  to  2.40  to  one  of  tbe  paste  in 
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Toltune;  and  that,  when  the  limo  -a  nlakod  b}'  iminereion,  one 
Toliiiiie  of  the  like  paste  will  give  a  mortar  that  ineroasee  in 
■ttength  from  0.50  to  3.20  parts  of  sand. 

For  one  Tolume  of  a  paste  of  bvdraulic  lime,  slaked  ii  t!ie 
ordiuaiy  way,  the  stren^h  of  the  mnrtar  increases  from  0  to 
1.80  parte  ol  aand;  aud,  when  slaked  by  immersion,  the  mor- 
tar 01  a  like  paste  increases  in  strength  from  0  to  1.70  parts 
of  aand.  In  every  case,  when  the  dose  of  sand  was  increased 
beyond  these  proportiona,  the  strength  of  the  reenltiug  mortar 
nwB  foand  to  decrease. 

1S8.  Manipulations  of  mortar. — The  qnality  of  hvdran- 
lie  mortar,  which  is  to  be  immersed  in  water,  la  moreafrected 
b^  the  manner  in  which  the  lime  is  slaked,  and  the  ingredients 
mixed,  than  that  of  mortar  wiiich  is  to  be  exposed  to  the 
weather;  a!tboiit;h  in  bi>th  cases  the  increase  of  streiiKtli,  by 
the  beet  manii>n1ations,  is  snfHcient  to  make  a  stndy  of  them 
a  matter  of  some  consequence. 

140.  The  resnlta  obtained  from  the  ordinary  method  of 
slaking,  by  sprinkling,  or  by  immersion,  in  the  case  of  good 
hydraulic  limes,  are  nearly  the  same.  Spontaneous,  or  ait^ 
slaking,  epvee  invariably  ihc  woret  results,  P'or  oonunon  and 
slightly  hydraulic  limo,  M.  Vieat  states  that  air-slaking  yields 
the  best  results,  and  ordinary  slaking  the  worst. 

14L  The  ingredienta  of  mortar  are  incorporated  either  by 
manoal  labor,  or  by  machinery:  the  latter  mclliud  gives  resulta 
Biiperi<ir  to  the  former.  The  machines  eommoiily  used  for  mix- 
ing; mortar  are  either  the  ordinary  pug-mill  (Fig.  12)  employed 
bv  brickinakcrs  for  tempering  clay,  or  a  grinding-miil  (Fig.  13). 
Tlie  grinding-mill  is  the  best  nmchiiie,  oecausu  it  not  oiuy  re- 
daeos  the  liimpa,  which  are  fonnd  in  the  mt^t  carefully  burnt 
fttoue,  after  the  alaking  ia  apparently  complete,  but  it  brines  the 
lime  to  tho  state  of  a  uniform  stiff  paste,  which  it  shomd  re- 
ceive before  the  sand  is  incorporated  with  it.  The  same 
should  be  done  with  respect  to  toe  addition  of  cement,  or  of 
an  alkaline  silicate  to  the  lime  paste,  tlie  former  in  powder, 
and  the  latter  in  solution,  lit^ing  unifiirnily  sprinkled  over  the 
surface  and  then  thonnighly  incorporated  with  the  other  ma- 
terials by  the  action  of  the  mill.  Care  shnnld  be  taken  not 
lo  add  too  much  water,  partlciilnrly  when  the  mortar  is  to  be 
immorced  in  water.  The  mortar-mill,  on  tins  account,  shonid 
be  sheltered  from  rain;  and  the  quantity  of  water  with  which 
it  is  sii|.plied  may  vary  with  the  state  oi  the  weather.  Noth- 
ing seems  to  be  gained  by  carrying  the  process  of  mixing  be- 
joad  obtaining  a  uniform  mass  of  the  consistence  of  plastic 
day.     Mortals  of  hydraulic  lime  are  injured  by  long  expo- 
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tan  to  the  air,  and  frequent  tumincs  and  mixings  \ritli  a 
•Itcrel  or  spade ;    tlioee  oi  comiuon  Iiine.  uiidei  like  circunk- 
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FIf.  11  i>tinwuWTwtk»Jwtttimiluo«mfc 
tteut«or*r>iic-nUU,  for  mUlnx  or  ten- 
omtag  mortu.— Tfata  ntO  oowus  of  ■., 
MvtMd  Ti— il.  at  Uis  torn  <f  «  tnWMl 
traKiiB,  which  ncadraa  tha  tngrodlNnb^  . 
Mul  »  *trtlc«l  tfaftft,  to  wUdi  una  with 
iMCli,  nambtint  «a  otMamj  t»to,>n 
kttaoMri,  for  lb*  pnrpoM  o(  mixing  tti* 
locndlatL 

A,  AiWoiliNinfiMMnf  UwthmL 

B,  «cnk«l  diafl  to  wfelcb  th«  armi  C  U*  ■& 

0,  hortMtital  tar  for  flvlnc  ■  drealar  m» 

tkn  to  tbo  ihafl  B. 
£,  Mia  at  ttraber  MppMtliW  tbo  mllL 
D,  wnogtii  Inn  apjMn  thnncki  wlilcli  tha 

■ppM-  pun  ol  tta*  iiiKrt  p— M. 
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steaoweeem  to  be  improved.    Mortar  wliich  has  boon  set 
•side  for  a  day  or  two,  will  become  eensibly  firmcrj  if  not 


ni.  IS  nmamtit  k  pan  irf  a  inOt  for  cn)Un(  Uia  IIim 
and  UBipcrlnK  iha  aaurlftr. 

A,  bMTj  wliml  of  tlmtiv.  «r  cairt  ttnfi. 

B,  boriaoDliJ  bw  pa^nf  throngh  iha  wtiML  vUdi  H 
oaa  wnrmittj  li  Itnd  tA*venmu  ■hart,  ud  lau* 
lanwil  at  tha  oUiar  (0)  wlUi  iha  ftnfn  coariug  for 
ahMMi. 

D,  •  dmlai  tMOKli,  «rlth  t  ti«(N*'^dilal  cnn  Mvilon 
*>faj<ili  raedna  tba  Ingndianta  to  to  mind.  Thm 
trtnwh  maj'  ba  tron  H  U  U  f««l  In  dlMnato ;  UMat 
16  iMdtM  «rtda  at  tap.  aoMl  U  teittea  dcaft ;  Mid  h* 
bnllt  •<  baid  Mtek,  itotiih  or  ttaba  Wd  oo  ■  Ann 


allored  to  stand  too  long,  it  may  be  again  rcdaood  to  ita 
clayey  consistence,  by  simply  pounding  it  with  a  beetle,  with* 
oat  any  fresh  addition  of  water. 

Fbrt  Warren  Mortar  MUL— Tliis  mill  (Fi^.  11)  which 
was  naed  by  Oil.  Tlmyor  in  the  construction  of  I  ort  Wnrron, 
Boston  Harbor,  consists  of  a  circular  trough,  hiiilt  of  briL-k, 
which  was  fifteen  feet  in  diameter,  measured  between  the 
centre  liue  of  the  trongli.  tlio  crues  section  of  wliich  (A)  wae 
tliJrty-thrco  inclios  in  width  a*  tlie  top,  thirteen  inches  at  the 
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bnttora,  and  tweu^'-fonr  inches  deep.  The  brick  eide-walla 
(AO  twelve  incited  thick  at  top,  and  built  verti(;all}'  on  the  in- 
terior and  outaide,  rested  on  an  annular  trench  uf  ooucreti^ 
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rif.  14.    BeotkAUiraiisbttMuitorUMFortWMnaHoctarMIlL 

^AB>l■lH'  trotsb  fof  mUog  Um  sortBC 
. ,  Brtt*  *|M  of  VMwta. 
B.  Oratnl  bri<^  inlLukr. 
O.  ABBnkr  ipan  br  Iwlillng  UiM  Ib  pMft. 
D.  Wbed  el  mm. 
B,  Slwft  «otta4  kf  boiM  pcmwr. 
P,  WMdMi  tronok  tot  oooTsytec  Uom  put*  toO. 

one  foot  thick,  which  was  laid  on  an  auuolar  bed  of  broken 
etone,  two  feet  thick,  for  drainage. 

I»  the  centre  of  the  circle  enclosed  by  the  tn^ueh,  a  verti- 
cal post,  Burrounded  with  broken  stone,  encased  oy  a  brick 
cylinder  (B)  has  a  gudgeon  at  top,  aronnd  which  the  bonzcm- 
tal  shaft  (E)  turns,  that  gives  motion  to  the  wheel  (D)  for 
mixing  the  luortar. 

The  wheel  (B)  is  made  of  wood  on  the  sides  and  periphery, 
and  has  an  iron  tiro  twelve  inches  broad  and  hair  an  inch 
thick ;  the  interior  being  filled  with  sand  to  give  it  sufficient 
weight  to  grind  anylumjw  in  the  lime  to  a  pa«ite.  The  diam- 
eter of  the  wheel  is  eight  feet,  and  tluckne^s  eight  inches. 

The  radius  of  the  horse  track  for  working  the  wheel  ia 
twentT  feet 

The  annular  space  between  the  trough  and  the  brick  cylin- 
der in  the  centre  ia  floored  with  concrete,  resting  on  a  bed  of 
broken  stone. 

Lieut.  W.  IL  Wright,  in  his  Treatise  on  Murtars,  thus  de- 
scribtifi  the  use  made  of  this  annular  ring:  "The  B^uce  be- 
tween the  cylinder  and  trough  is  used  as  a  reservoir  for  the 
slaked  lime.  It  is  conveniently  divided  by  means  of  movable 
radial  partitions  into  sixteen  equal  parts,**  each  containing  the 
dxtvcnth  part  of  a  cask  of  liine  in  paete. 

A  wooden  trough  (F)  leads  from  the  reservoir  where  the 
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lime  ifl  slaked  aud  converted  into  a  creamy  cuuaI«tenoe,  to  tUe 
annular  ring  (C)j  where  it  is  allowed  to  staud  aa  loug  as  pos- 
rible  before  being  thrown,  with  the  reqoiaito  quantity  of 
sand,  into  the  mill. 

The  malaxaior. — Many  advantages  are  claimed  for  a  miU 
designed  by  SI.  Coignot,  rcocntly  introduced  in  France,  and 
emj^oved  in  mixing  b<iton  agglom6r^  for  tlio  works  in  and 
about  Faria.  It  is  called  a  nialaxator,  and  consists  uf  twin 
screws,  having  their  Iiolicea  interlo-iked,  aud  turning  and  ex- 
erting their  force  in  the  same  duxotiou.  This  madilne  may 
be  deecrib«!d  as  follows : 
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A  1*8  t]ie  frame  of  the  machine,  Iiaving  at  the  u^pereud  the 
CTYiss-pieeOfl  B,  u[viii  whii;h  ai-o  inniintiMl  the  geanngR,  and  at 
the  lower  part  the  en  as-piece  C(r',  upon  which  are  fixed  the 
rests  or  steps  for  the  lower  part  of  tlie  helices  to  run  in. 

D  are  tlie  cores  of  the  nelico«,  upon  which  are  fastened 
eitiier  continuotis  or  internipted  blades  S  S  S,  forming  the 
thread  of  the  helix.    Coutiuuous  bladca  are  more  geueraUy 

UtMXl. 

K  are  wagon-wheels,  monnted  on  an  axle,  which  enable  tlie 
machine  to  oe  transported  thereon,  aud  which,  when  the  ma^ 
diine  is  in  use,  serve  to  maintain  the  malaxator  at  its  proper 
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inrlination  (ahoiit  twentv-five  degrees).    Tlie  bracts  J  is  need 
tc  iteady  the  malaxator.' 

M  N  m  N',  tarings  of  aiiy  kind  for  giving  motion  to  the 
beltccR,  eifhcr  In-  gteum,  horpc- power,  or  liaiitTiwwDr  ;  o,  ooni 
clI  Hieeves  or  stoppers,  adiiistaole  iip«jn  the  shaft*  D,  tor  re- 
gulating ihe  exodus  of  the  artificial  etnne  paste,  aud  by  re- 
tarding tbe  same,  iiicreaaiii^  tlie  pi-essiire  and  inalaxation  of 
the  paste  in  the  part  Q'  of  the  mai-bine. 

Q,  bodv  of  the  maliLxator,  corrcepoudlug  iu  shape  aad  size 
to  tbe  helices. 

P,  receiving  chamber,  wliere  the  inateriaU  enter  the  mal- 
ucator. 

T,  saud  ho])per,  with  its  adjuetahle  reirit^ter  or  gate  t,  and, 
when  required,  a  sifting  apparatus ;  g',  sliding  gate,  to  allow 
of  tbe  dr&ina^of  the  machine. 

S'  S',  feeding  ecrewa,  working  in  tbe  lower  part  of  tbe  two 
hoppers  K'  R',  tbe  one  for  lime,  tbe  other  for  eand,  or  any 
other  material  or  &iib&tance  to  ho  introduced  into  tlio  artificial 
atone  paitte,  and  feeding  the  Bame  to  the  chamber  F ; 
r  r'  r"  r'",  pulleys,  for  chains  or  belts  g,  for  transmitting  the 
movement  to  ibe  feeding  scrcwa  S'  S' ;  t'  t",  epur-wbcel 
and  pinion  (t;)iangeab1e  for  others  of  different  relative  speed), 
for  regulating  tbe  exact  amount  of  the  two  eufjetances  m  the 
hoppers  R'  R',  to  be  delivered,  in  so  many  turns  of  the 
helieee,  into  the  receiving  chamber  P. 

Z  is  a  pipe  for  Bupplyiug  tbe  water,  for  which  there  is  an 
cverflow  at  W,  The  sand  being  drowned  or  fuilv  satnrated 
in  a  given  proportion,  by  varying  the  overflow  ^\  ,  gives  tlie 
proper  amonnt  of  water  for  eadi  turn  of  the  helieee. 

H  are  movable  wooden  ahafta,  which  are  placed  in  proper 
straps  in  the  machine,  and  eer^e  to  hitch  or  hanicss  a  horse  to 
tbe  same  when  it  bos  to  he  taken  from  one  place  to  another, 
making  it  a  perfect  wagon. 

The  ad>'anlageB  claimed  for  the  malaxator  are  tbe  following: 

First.  The  apparatus,  having  tbe  rewiving  chamber  P  u|K»n 
the  ground,  is  fed  easily,  with  little  labor  ;  and  tbe  part  Q', 
or  dt'bvery,  being  elevated,  allows  of  a  wheelbarrow  or  basket 
being  placed  tmoer  to  receive  the  artificial  stone  paste.  This 
inclination  alsci  c-anses  a  more  powerful  ma1a3!atit)n,  by  retard- 
ing tlie  progress  of  tlie  matter,  owing  to  the  specific  gravity. 

Sewnd.  The  gearings  are  out  of  -me  way,  away  £r(im  sand, 

ater.  dust,  ete. 

Thinl  The  helices  having  their  blades  interlaid,  their 
action  upm  the  materials  is  oi  quite  a  differcrt  character  tbau 
vbcn  said  helices  are  not  thus  conjugated. 
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iiffictilt  tu  obtain  if  the  componeut  ingredients  had  been 
lh^ow^l  in  by  shovel  or  basketful*  at  a  time.  i^OQ  J^rof&h 
tional  Pajterjiy  Corps  nf  Engirieera^  No.  19). 

Another  furm  of  null,  wliioii  is  sliown  in  Kig.  16,  has  boeu 
uiuUe  use  <tf  in  France  for  mixing  certain  kiu<&  of  betou.  It 
LNjiLSists  iif  a  vertical  cylinder  a  t-estiiig  on  a  c^'limlrical  liose 
of  cast  iron  b,  A  veitical  shaft  o  passes  through  the  cylinder, 
liaviiig  attached  to  it  curved  anns  d^  which,  by  revolving 
bori2ontal)v,  bci've  to  mix  Uie  sand  and  litno.  Tim  distributor 
Q  revolves bori»:in tally,  receives  the  sand  and  lime  which  cuine 
from  tlic  coiidtictiug  trough  I,  and  distributes  thtim  equally 
uruiind  for  mixing.  Short  stationary  arms  E  E  are  attached 
to  the  aide  of  the  cylinder,  and  funii,  with  the  niuvabltJ  anns, 
breaks  for  daehing  and  mixing  the  eaud  and  lime.  Three 
belicoidal  blades  e  e,  attached  to  the  lower  part  of  the  ahaft, 
force  tlie  niixtiu*  downwardB  and  ontwarda.  Cycloidal  arms 
yji  re^'olving  horizontally  near  tJie  floor  of  tlie  cylinder,  expel 
tlic  niixtnre  at  the  side  opening  around  the  bottom.  A  mova- 
ble band  of  iron  G  G,  by  being  moved  np  or  down,  enlarges 
or  diniiuislies  the  opening  ai*onnd  the  l>uttom.    A/i,  veitk-al 

guiding  shafts  for  movable  band.  II 11,  handles  by  which 
10  l^aud  G  G  is  moved.  A  plate  N  is  attached  to  e  and  re- 
volves horizontallv,  receiving  the  mixture  from  the  cylinder. 
A  curved  plate  of  iron.  L,  lixed  to  immovable  bottom-plate  P, 
scrapes  mixture  from  N  as  it  revolves. 

143.  Setting  and  durahility  of  mortars.  Mortar  of 
common  lime,  without  any  addition  of  pnzzolana,  will  mpf  setin 
humid  3itu.itiona,  like  the  foundations  of  edifices,  until  after  a 
ver\"  long  lapwi  of  time.  They  sot  very  »xjn  when  exi>osed 
to  tlie  air,  or  to  an  atmosphere  of  carbonic  acid  gas.  If,  after 
having  become  hard  in  the  open  air,  they  are  placed  tmder 
water,  they  in  time  lose  their  cohesion  and  fall  to  pieces. 

144.  (>jmmon  mortai-s,  which  have  had  time  to  harden, 
resist  the  action  of  severe  frosts  very  well,  if  thev  are  made 
rather  poor^  or  with  an  excess  of  sand.  The  sand  should  be 
over  2.40  parts,  in  hulk,  Ui  one  volume  of  the  lime  in  ^taste; 
and  coarse  sand  is  found  to  give  lietter  results  tlian  fine  )>:ind. 

145.  Good  hydraulic  mortars  set  equally  well  in  damp 
fiitimtions,  and  in  the  open  air;  and  those  which  have  hard- 
ened in  the  air  will  retain  their  hardness  when  iramened  in 
water.  They  also  resist  well  the  action  of  frost,  if  they  have 
had  timetosctiKtforc  ex[x>3nreti>it;  but,  like  common  nkortars, 
they  require  to  lie  made  with  an  excess  of  aand,  to  withstand 
veil  aumjspheric  changes. 

14d.,Tlie  surface  of  a  mass  of  hydraulic  mortar,  whcthei 
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inade  of  a  natural  hydraulic  lime  or  otiierwiee,  when  im* 
iiierfied  in  water,  beuoines  more  oi  less  d^raded  hy  the  action 
of  the  water  iipoii  the  lime,  paiiiuularlv  m  a  current.  "^Vlien 
the  water  in  irta^naiit,  a  vory  thin  crimt  of  i-arlioiiate  of  lime 
fonus  ou  the  surface  of  the  mass,  owing  to  the  abeoi-ptiuu  by 
the  lime  of  the  c&rboiiie  acid  ^^  in  tlie  water.  This  criit 
if  the  water  bo  not  agitated,  will  preserve  the  soft  mortar' 
beneath  it  from  the  fartJier  action  of  the  water,  until  it  haa 
had  time  to  become  liard,  when  the  water  will  no  longer  aut 
upon  the  lime  iu  any  pcrooptihle  degree. 

14*7.  Ilydraiiliu  mortarB  set  with  more  or  less  prompbieaa, 
ftccui-ding  to  tlie  character  of  the  hydraidic  Lime,  or  of  the 
puzzolaiia  which  enters  into  t}ieir  ooTiij)OBition.  Artitlcial  hy- 
aniulio  mortare,  with  an  exceaa  of  lime,  set  more  sh)wly  tlian 
when  the  lime  is  iu  a  just  proportion  to  the  other  ingredients. 

148.  The  quick-«elting  hydratilic  limes  are  »aid  to  furnish 
a  mortar  which,  in  time,  acquires  neither  as  miuOi  t^ti-ength 
nor  hardness  as  that  from  the  Blowor-«etting  hvdi-aulic  limes. 
Artificial  hydraulic  mortars,  on  the  contrary,  w-hieh  set  quick- 
ly gain,  in  time,  more  strangth  and  hardness  than  those  which 
set  slowly. 

149.  Tilt!  time  in  which  hydraulic  niortaw,  immersed  in 
water,  attain  their  greatest  hanhic^,  is  not  woll  a«cc:1ained. 
Mortars  made  of  stronff  hydraulic  limes  do  not  show  any 
appreciable  increase  oi  hardness  after  the  second  year  of 
tlieir  immersion;  while  the  best  artificial  hydraulic  mortars 
continue  to  harden,  in  &  sensible  degree,  during  the  third  ye&T' 
after  their  iminerBion. 

150.  It  is  found  from  oxperienco  tliat  those  mortars  whicl 
attain  the  highest  degree  or  Jiardnoss  on  tlie  Kurface,  absorb^ 
the  least  aiiiount  of  water  and  are  less  liaiile  to  injury  from 
frost  and  weather. 

l&l.  Theory  of  Mortars.  The  paste  of  a  hydrate,  either 
of  common  or  of  hydraulic  lime,  when  exposed  to  the  air,  ab>' 
BOrbs  carbonic  acid  gas  fitim  it;  passes  to  the  state  <'f  sub-J 
carbonate  of  \\n\e. ;  without,  Iiowover,  rpjocting  tlio  water  of 
the  hydrate,  and  gi-adually  hardens.  The  time  required  for 
the  complete  saturation  of  the  mass  exposed,  will  depend  on 
itahnllc.  Tlie  absorption  of  the  gas  c*Hiinietu'i>s  at  the  surface 
and  proceeds  more  slowly  towards  the  centre.  The  haixlou- 
ing  of  mortars  exposed  to  the  atm'^sphero  is  generally  aitril>- 
uted  to  this  absorption  of  the  gas,  as  no  chemical  action  ol 
lime  upon  quartwwe  sand,  wliich  is  tlie  usual  kind  employed 
for  mortars,  has  hitherto  bee;*  detected  by  the  most  carcftd 
ezperimenta. 
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The  depth  to  which  the  Absr>rption  of  carhonic  acid  ex 
tends  in  hydraalic  lime,  aiiU  also  iu  eonio  d^rec  the  hardoninir, 
decreases  as  tlie  li^vdranlie  cuei-j^v  oauiied  by  the  silica  that 
entcre  into  their  compoeition  ifi  tho  greater. 

15&.  Willi  regard  to  hydraulic  m<^>rtare,  it  isdiflicult  to  ac- 
count for  their  liardening,  except  upon  the  effect  which  llie 
silicAte  of  lime  may  have  upon  the  ezcef»  of  eimplo  hydrate 
of  uiicombiiied  lime  coulaiued  in  the  mass.  M.  Petot  8up* 
po6C6,  that  the  particleB  of  aih'imtc  of  lime  fonn  so  raany 
centres,  around  which  the  nncombined  hrdrateg  group  thcm- 
Belves  in  a  crystalline  form ;  becoming  thue  pufiieiently  hard 
to  resist  the  solvent  action  of  water.  WiUi  respect  to  the 
action  of  quartzoee  Band  iu  hydrauUe  inortare,  M.  Petot 
tbinkii  that  the  grains  produce  the  same  mechanical  effect  aa 
the  particles  of  the  silicate  of  lime,  in  inducing  the  &^regft> 
don  of  tho  nncombiucd  hvdrate. 


CONOKBTE.      BBTOR. 

1&3.  This  term  is  applied,  bv  EnglUh  architects  and  engi 
necFB.  to  a  mortar  of  nnely-pulverized  quick-lime,  sand,  and 
gravel.  Tlit*e  materials  am  first  thoniugihly  mixed  in  a  drv 
Btate,  enfliciont  water  is  added  to  bring  the  maw  to  the  ordi- 
nary ronsiiilencc  of  mortar,  and  it  is  then  rapidly  worked  up 
by  a  shovel,  or  else  passed  through  a  png-miU.  Tlie  concrete 
U  used  immediately  after  the  materiaJs  are  well  incorporated, 
and  while  the  mass  is  hot. 

154-  The  materials  for  concmfe  ai-o  comjxiundod  in  varion* 
propcirtions.  The  most  approved  are  those  in  which  the  lime 
and  Rand  are  in  the  pmper  proportions  to  form  a  go<Kl  mortar, 
and  the  gravel  is  twice  the  bulk  of  the  sand.  The  gravtil 
nsi'd  shomd  he  clean,  and  any  pebbles  contained  iu  it  Tai'ger 
than  ail  egg,  should  be  broken  up  before  tho  materials  are 
incorporated. 

15  D.  Hot  water  haa  in  some  cases  been  n.scd  in  makinj; 
concrete.  It  cause,-*  the  mass  to  set  more  rapidly,  but  is  not 
otherwise  of  any  advantage. 
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1S6.  The  bnlk  of  ft  mass  of  concrete,  when  first  mode,  il 
found  tobealKiut  ono-fifth  leiw  than  the  total  bulk  of  the  dir 
matorials.  But,  oa  the  lime  Blakee,  the  mass  of  coucrete  ii 
found  to  expand  about  thitic-eighths  of  an  inch  in  height,  for 
every  foot  of  the  ma**  in  depth. 

151.  The  1180  of  cuncrote  ia  at  present  mostlr  rostrictod  to 
forming  a  eolid  bed,  in  bad  soils,  for  the  foiinuntions  of  cU- 
ficee.  It  has  alrto  been  used  to  fonn  blijekunf  ftrlific-ia!  stone, 
for  the  walls  of  building  and  otiier  like  purp<ifiL-&;  but  ex- 
perience has  aliown  that  it  poflaesses  neither  tJio  durability 
nor  Btreiigth  retpiisile  for  fitnicturee  of  a  jwnnanent  (.iharocler, 
when  exposed  to  the  action  of  water,  or  of  the  weather. 

158.  BETON.  Tlie  term  biton  ie  applied,  by  French 
engineers,  ro  any  mixtnro  of  hydraulic  mortar  with  rragmenta 
of  trick,  atone,  or  f^ravel ;  and  it  is  now  also  used  by  Eugliab 
engineers  in  the  game  sense. 

159.  The  proportions  of  the  ingredients  used  for  IxSton  are 
Tariouslv  stated  by  different  aiitnors.  The  84>lo  object  for 
which  tlie  gravel,  or  the  bivken  stone  ie  used,  beiiur  to  obtain 
a  more  oconomieal  ntatenal  than  a  like  mass  of^hydraiiHe 
mortar  alone  would  yield,  tlio  quantity  of  bnikcn  Mcno  should 
Ikj  as  great  as  can  Iks  thoi-oughfy  united  by  the  mortar.  The 
emallpst  amount  of  nioi-tar.  therefore,  Unit  can  be  used  for 
t]ii8  ]>iiq>o>^e,  will  be  that  which  will  l»e  jiift!  equal  in  A'lphiine 
to  the  void  Bpacea  in  any  given  bulk  of  the  bivken  stone,  or 
gra%'el.  Tlie  proportion  which  the  vnliinie  o<.*cui)iod  by  the 
\'oid  spaces  I>ear8  to  any  bulk  of  a  loo«e  material,  like  broken 
Btone,  or  gravel,  may  be  readily  ascertained  by  filling;  a  vessel 
of  known  C4ipai.-tly  ^^itb  tbi>  loi»te  mnlerial,  and  pouring  in  as 
mneh  water  as  the  vessel  will  contain.  The  volume  of  water 
thus  found,  will  he  the  same  as  that  of  the  void  8(^ftces. 

B^ton  made  of  mortar  and  broken  stone,  in  whicli  the  pro- 
portions of  the  ingredients  were  ascertained  by  the  pnxieaa 
lust  detailed,  has  hcen  found  to  pvc  satisfactory  resulta;  but, 
in  order  to  obviate  any  defect  ansing  from  imperfect  manip- 
ulation, it  is  usual  to  add  an  excess  oi  mortar  above  that  of 
tlie  void  spaces. 

160.  In  a  hirge  amount  of  concrete  itsod  for  the  foundation 
bod  and  bucking  of  the  sea  walls  built  for  the  protection  of 
the  islands  in  IJoston  Ilarbor,  which  M-as  compofied  of  hydrau- 
lic roortar  made  with  wilt  wultr  and  thy  ctunion  sliingle  of 
tlie  shores,  which  varied  in  size  from  that  of  s  pea  to  pebbles 
of  six  inches  in  diameter,  the  proportions  nsed  for  the  foun- 
dation bed  was  about  onu  part  in  volume  of  stiff  mortar  to  lhre< 
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I  ttrtB  in  volume  of  ehlnplo  for  tbe  finmdation  bod,  at.d  two 
and  Mven-tnnths  parts  ?or  the  backing  of  the  walls.  The 
email  and  lar^  peliUes  of  tlic  ahiiigle  were  so  proportioned 
AS  to  give  tlie  least  amotint  of  void  space  to  bo  tilled  by  the 
mortar ;  thla  void  space  I»eing  from  tweiitj  to  twenty-five  per 
rent  of  the  volume  of  shjiiple. 

Tbo  materials  were  mixed  hv  baiid  ;  tbe  fihiuf!;1e  6ret  being 
spread  out  upon  a  platform  oi  rough  hoards  to  tlie  depth  (rt 
from  eight  to  twelve  inches,  the  larger  pebbles  on  top ;  the 
mortar  was  spread  in  a  laver  of  uniform  tbickness  oveJ  tbi&, 
and  tbe  whole  worked  np  with  ehoveU  and  hoee  until 
llii>ri'Uf^hI>"  incorporated. — (Papers  uti  Practieal  Enipnecring, 
No.  2.     KefHirt  of  Col,  S.  Thayer,  U.  S.  Corps  of  Ln|rinecr8.) 

In  tbe  hydranlic  concrete  used  upon  ftonie  others  of  onr 
pnblic  woriia,  tlie  broken  fraCTienta  of  gi-anite  wore  in  bulk 
about  l|  that  of  the  livdranlic  mortar.  Besides  this,  other 
fi-a'jmeiits,  from  a  quarter  to  thi-ce-quartere  of  a  cubic  foot  ea<Ji, 
and  forming  about  one-twelfth  of  the  rolume  of  the  eoncrete, 
were  worked  iut/j  the  layer  as  they  were  carried  up.  Tbia 
practice  is  a  very  ii»na1  one  for  foundation  beds,  as  it  effects  a 
saving  of  cost. 

Tbe  best  and  most  economical  bdton  is  made  of  a  mixture 
of  broken  stone,  or  brick,  in  fraj^menta  not  larger  than  a 
hen's  e|D^,  and  of  coarse  and  fine  gravel  mixed  iu  suitable 
proportions. 

In  making  beton,  the  mortar  is  first  prepared,  and  then  in- 
corporated with  the  finer  gravel ;  the  resulting  mixture  is 
spread  ont  into  a  cako,  4  or  6  inches  in  thickness,  over  which 
iJie  crmrstT  <;ravcl  and  broken  stone  arc  uiiif»irmly  strewed 
and  pressed  down,  the  whole  maw  lielng  finally  brought  to  a 
homogeneous  state  with  the  hoe  and  shovel. 

Bcton  is  nsed  for  the  same  purposes  as  concrete,  to  which 
it  is  superior  in  every  res|)ect,  but  particularly  so  for  foun- 
dations laid  under  water,  or  in  humid  localities. 

161.  Beton  mmie  of  small  fn^tnents  of  stone  or  pebhlea 
has  within  reeent  veara  Keen  applied  to  the  confitniction  of  the 
walls  of  houses.  Vor  this  pnr^>ose,  the  concrete  is  laid  up  in 
layers  and  rammed  witliiu  a  plank  bo.xing  having  an  interior 
width  eiiiuil  to  the  thickness  of  wall.  Tlie  sidee  cif  the  boxing 
are  contfnod  by  vortical  pcjsts  which  cjin  bo  suitaldy  adjusted 
to  the  required  thickness  of  the  wall ;  the  wh(>le  being  sup- 
ported by  a  suitable  scaffolding.  In  the  case  of  hollow  walls, 
a  alip  of  board  of  tlie  thickneea  of  the  required  hollow,  or 
void,  ai  d  slightlv  wedge-shaped  to  admit  ui  ita  being  easily 
lemoved,  is  laid  iioiizontally  witlua  the  box,  and  the  Layer  of 
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CfoncTcte  mmmed  well  in  around  it;  (trdinan'  1)rick  1>einf;  in- 
Kirtet]  11*  (in*  to  connect  the  interior  and  exterior  p^^jrtionB  of 
Uie  wall. 

In  ilie  Beu'cra  and  manj  public  and  private  edifices  rcf-ently 
oonstniclod  in  i'aria  of  concrete,  tlie  prt-portiona  ueed  wera 
ond  purf  iti  vohnne  of  lime,  one  fmirtli  of  one  ^-(iltime  of 
hydraulic  cement,  to  five  volnmes  of  sand.  It  ia  Rtated  that  in 
BIX  or  ciglit  houn  after  bcp^ning  a  ^rcn  length  of  »cwertli9 
centres  can  lie  luifely  rCMiioveil ;  and  thnt,  in  luur  or  five  dayn 
after  a  section  has  noon  cH>nipIetod,  it  run  Ih?  opened  for  nse, 
For  the  oonBtructiuii  of  anilies,  tbu  volume  uf  eeinciit  used  ia 
doubled. 

Some  of  the  bnildtngn  abore  referred  to  were  confitnicted 
with  f^incd  or  cjlintmcnl  arched  fire-proof  doon,  of  epaae 
from  nine  to  twonty-et^lit  feet,  the  riee  in  each  cneo  lieiiig  one 
tenth  of  the  i^pan;  the  tbicknosa  of  the  arcbcs,  at  the  crown, 
varying  from  tive  and  a  half  to  fourteen  inches. 

'flie  cru«liiut  weiglit  *if  lliis  wim-rcte  is  nearly-  fifty-four 
hundred  pounds  to  the  square  inch ;  the  tenacitv  about  tivo 
hundred  pounds. 

162.  An  artififinl  sandstone,  tcnned  BH<m-Coigmf  from 
the  inventor,  is  very  exlensively  niAuufactiired  and  u!!«d  in 
France  for  all  buildinc;  purposes,  as  foundations,  walls,  li^ht 
arches,  etc.  It  sets  ana  bardetis  in  a  com|>aratively  short  time. 
Its  f(juBtituents  are  clean  river  sand  from  four  to  tive  parts  in 
volume;  common  or  hydraulic  lime  one  part  in  vulnnie; 
hydraulic  or  arfificial  forlland  cement  from  one-(|uarter  to 
tlir«?tv(iiiarierRof  one  imrt  in  vnlume;  water  variublf,  but  indy 
enough  to  moisten  tliu  other  materials  and  cause  them  to 
cohere.  Coarse  sand  from  one-twentieth  to  three-tweutiothi 
of  flu  inch  in  diameter  is  said  to  pive  the  beet  results;  the 
finer  sands  requiring  more  care  in  the  preparation  of  the 
concrete  and  in  packing  it  when  laid  to  secure  greater  so- 
Udilv. 

1^3.  In  prei>aring  the  concrete  the  lime  and  sand  are  made 
into  heaj>e  of  about  one  cubic  vard' in  volume  in  altcnmte 
layers  of  the  two  ingredients.  Cm-h  licaii  is  rlien  wnrki'd  up 
dry  with  the  shovel.  In  tliia  state  it  is  doH^ei-ed  by  suitable 
muchinery,  like  that  for  raisin/^  f?niin,  into  the  topttf  a  pug* 
mill  of  a  cylindrical  IrmIv  furme*!  of  boiler  iron.  Tlie  revolv 
ing  vortical  shaft  of  tlie  mill,  which  is  driven  by  steam  oi 
antmal  power,  lias  curved  anna  ntlixed  horlzontaUy  to  it,  t)ic 
two  lower  arms  bcinp  ttf  suitable  forms  to  prc&s  the  mixed 
mattfrial  dowiiwaitis,  and  expel  it  thnmjjfh  an  apertiire,  where 
it  ia  received  into  boxe^^,  or  boixl  barrows,  and  conveyed  te 
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where  ft  re  to  be  laid  or  moulded.  TTie  water  for  the  mixing 
18  elilier  thiMwii  in  as  needed,  by  hand  into  the  top  I'f  the 
mill,  or  else  supplied  by  a  cirenlar  trough  perfontied  with 
bolep,  which  is  placed  nrctimd  the  iiigide  of  the  mill  at  top. 
When  eenient  is  one  of  the  ingredienta,  it  ib  first  made  into  & 
•iiitnMe  paste  «nth  water,  and  then  added  to  the  uthora,  from 
a  vess*?!  liver  (he  toj*  of  the  mill,  from  which  it  is  iMnired  in  a 
uniform  manner,  and  in  the  reqnisite  amount. 

164.  For  all  ordinary  work,  one  passage  Ihruogh  the  piig^ 
mill  is  enfiii-ieiit,  but  where  greater  thoi-oiij^hne^  in  the  mix- 
ture iff  a  requii;itc,  the  concrete  may  be  paaeed  tbrouj^h  the 
mill  a  second  time. 

Ifl5.  Tlie  lyincrete  when  laid  or  moulded  is  put  in  in  mic- 
oeeaive  layere,  from  one  to  three  inrhea  in  Ihickne&e,  and 
paeked  moflerately  by  hand  with  peetlee  weighing  from  fif- 
teen to  thirty  pounde. 

166.  To  increase  the  rapidity  of  the  getting-,  when  necesgary, 
the  materiaU  may  be  heated,  in  process  of  mixing,  by  a  spi- 
ral tulie  or  wonn,  thnmgh  wliich  heated  bir,  btcara,  or  Itot 
water  is  caneed  to  circulate. 

167.  Among  other  artificial  conglomeratea.  that  kmnvn  as 
Ransome's  tutificial  atone,  from  the  name  of  the  inventor,  ia 
now  ooinin;f  into  n»e  in  England.  This  material  wmsistsof 
clean  river  ^and  the  graina  of  which  are  cemented  with  tlie 
BJlicate  of  lime.  To  effect  this  union  a  silicate  of  sctda  is 
foniied,  by  diji^csting  c^immoii  flintft  in  a  i^olntion  of  caustic 
Sixia.  in  iron  air-ti^t  cylindrical  veesels,  by  means  of  steam, 
under  a  jireseure  of  seventy  pounds,  which  circtilates  through 
a  coil  of  iron  pijM*.  The  sand,  after  being  thoi-oughly  dried, 
is  mixed  with  a  sufficient  volume  of  finely  ground  carbonate 
of  lime  to  fill  the  voids  between  the  erainB.  To  each  biwhcl 
of  thie  iiii^turi.?  a  giillon  of  tlio  silieale  is  added,  and  the 
whole  thoroiiirbly  mixed  in  a  liMini  mill.  The  mi.itureis  then 
moulded,  and  immediately  after  the  solution  of  the  chloride 
of  i-alfiinn  h  thniwn  over  it  with  ladles;  the  mmdded  bhieks 
are  then  immersed  in  the  solution,  in  open  tanks,  wliich  tfl 
kept  b<.iiling.  by  steam  jMisged  thponch  it  m  J^V**,  f")"  several 
lionrs,  according  to  the  size  of  the  blocks.    This  jtroceps  ex- 

Kl=  any  air  that  may  have  been  retained  in  tlie  blocks  and 
cilitates  the  b-rming  of  the  silicate  of  calcium.  The  blofk 
is  then  taken  out  aM(f  the  chloride  of  widinm,  that  has  been 
formed,  tlioroughly  washed  out  with  freeb  water  poured  otrer 
the  block. 

ThiB  artitlcial  atone  ia  found  to  be  very  liard,  and  some 
ipeuimciis  to  have  offered  n»  great  a  resistance  to  rupture,  bj 
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eoinpreeeion  aod  cxtensioFn,  as  the  best  saiidstonei  ant]  rasr 
bW 

168.  General  Gillmore  in  his  Report,  Prfjf.sittonal  J'aj^ejv. 
Corp*  vf  F.nijinverif,^  No,  19,  gives  llie  following'  uucimiit  ui 
b^ton-Qji{^net  or  oggloiin^ro. 

Belon  A^lomere.     This  name  is  given  to  a  Wton  of 
very  superior  qnalitv,  or,  more  properly  speaking,  an  artificial! 
Btone  or  jBTPat  Rtrength  and  hardnei*,  which  ha«  resulted  frotii 
the  oxporiinents  and   re«carehes,  extending  through  many 
yeare,  of  M.  Francois  Oiignet,  of  Pang. 

The  essential  wmdilioiis  which  must  be  carefully  ob«»er>-ed 
in  making  this  l>ot<»u  are  as  foliows: 

/'V*^  Only  materials  of  ihe  iiret  excellence  of  tlicir  kind, 
whether  common  or  hydraulie  lime,  or  hydraulic  cement,  can 
be  used  for  the  matrix. 

Second,  TJie  quantity  of  water  must  not  exceed  what  is 
barely  suffieient  to  convert  iht;  niatrix  into  a  stiff,  \'iBconfl  paste. 

Third.  The  matrix  must  be  incorponited  witli  the  solid 
ingredients  by  a  thomnth  aJid  prolonged  mixing  or  trituration, 
prriduiiing  an  artificiu!  fitono  jinele,  dci-idedly  incnhertMit  in 
character  until  compacted  bv  pressure,  in  -which  every  grain 
of  sand  and  gravel  is  c<impletcly  coated  with  a  thin  film  of 
the  paste.  There  must  be  no  excess  of  paste  when  the  matris 
IB  common  lime  alone.  With  hydraoliu  lime  thia  precaution 
is  less  imiMiHaur,  imd  with  pxKl  cement  it  is  unneceeaary. 

Fourth.  The  Iwton  or  artificial  stone  is  formed  by  thorough- 
ly ramming  the  stone  paste,  in  thin,  successive  layers  """itli 
iron-ehod  rammers. 

189.  The  materials  employed  in  making  his  beton  are 
HUid,  common  Hmc,  hydraulic  lime,  and  Portland  cement. 

Tlic  sand  should  he  as  clean  as  that  ordinarily  required  for 
mortar,  for  stone  or  brick  mat^mn'  of  good  qiuility.  Sand 
containing  5  or  t)  per  cent,  of  day  may  bo  used  without 
washing,  for  common  work,  by  pro|x>rtionally  increasing  the 
amount  of  matrix.  Either  fine  or  coarse  sand  will  an-^wcr, 
or,  preferahly,  a  mixture  of  both,  containing  gravel  a«  largo 
as  a  small  pea.  and  even  a  email  pn>portioii  of  pebbles  aa 
lai^  an  a  hazel  uut.  There  is  an  advantage  in  mixing 
several  sizes  ttw^othcr,  in  such  projiortion  as  shall  reduce  the 
volume  of  voids  to  amiuiminn.  Uoaree  sand  makes  a  harder 
and  stronger  bdton  than  lino  sand.  Tlie  extremes  to  Ikj 
avoided  are  a  too  niinute  flulHlivisioii  and  weakening  of  tho 
matrix,  bv  the  urc  of  fine  ?And  only,  on  the  one  hand,  and  an 
undue  enlargement  of  the  volume  of  voids,  by  the  exclusive 
use  of  coaruc  «uuid,  on  tjie  other. 
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Tlie  silicioiift  sands  are  considered  the  best,  thongb  all 
kinds  are  employed.  When  special  resulls  are  desired  in  tlie 
way  of  Ftrengtlij  textnre,  ur  cnlor,  the  f«nd  should  be  st^lecteil 
4ccordin»ly. 

1*70.  Tlio  common  lime  should  be  air-slaked,  or,  better 
fttill,  it  may  be  slaked  by  napereion  with  the  minimnm 
unantity  of  water  tiwt  will  reduce  it  to  an  impalpable  pow- 
der it  should  be  paired  through  a  line  nire  screen  to 
cxdndc  all  lumps,  and  nficd  witliin  a  day  or  two  after 
slaking,  or  else  kept  in  boxes  or  barrels  protected  from  the 
atmosphere. 

It  ia  scarcely  practicable,  niider  ordinary  circiirostances, 
to  cmpU>y  fat  linie  alone  aa  the  matrix  of  wSton  agglomtSro, 
pftrticiilarly  in  monolithic  constructions,  in  consequence  of  its 
tardy  induration.  E^-cn  when  used  in  combination  with 
liydraidic  lime  or  cement  it  acts  as  a  diluent. 

17L  Attempts  to  make  bdton  of  even  arerage  qnality 
withniit  good  hydraulic  iuOTedients,  have  failed  in  the  United 
States ;  and  it  is  extremely  doubtful  whether  any  character- 
tatic  excellence  can  be  attained,  after  the  lapse  of  weeks  or 
ercn  months,  by  a  mixture  of  tills  f-lmractcr. 

172.  The  most  suitable  hydraulic  limes  are  those  derived 
from  iho  argillaceous  liinesloiic-B,  in  contradi^linet!<ni  to  the 
im^iesian  or  argillo-raa^iesian  varieties.  Those  limcatonea 
cmtain  before  burning  from  15  to  25  per  cent. — ^generally 
less  than  20  per  cent— of  clay.  After  burning,  tlie  lime  is 
Uaked  to  powder  by  aspersion  with  water,  and  sifted  to 
exclude  unslaked  lnni|>8. 

llydmulic  lime  cannot  be  considered  an  osscntial  ingre- 
dient of  bdton  agglomerc,  except  in  comparison  witli  common 
lime.  It  may  be  altoMther  replaced  by  good  hydi-anlio 
cement,  or  it  mav  be  used  atone,  or  mixed  witli  common  lime, 
to  the  entire  exclusion  of  cement,  A  stiff  paste  of  tliis  Inne 
should  set  in  the  air  in  from  ten  to  fifteen  honrs,  and 
snsloin  a  wire  point  one-twenty-fourth  of  an  inch  in  diameter, 
I'laded  with  one  yound,  in  eJgliteen  to  twenty-four  hours. 
Its  energy,  and  therefore  its  value,  varies  directly  ^vith  the 
amount  of  clay  which  it  contains,  which  generally  will  not 
exceed  20  per  cent,  before  burning,  although  it  may  reach  35 
|>er  cent.  Beyond  this  point  tlie  burnt  stone  can  seldom  be 
re<hiced  by  slaking  and  becomes  a  cement. 

No  hydraulic  lithe  of  this  variety  has  ever  been  mftaufao- 
tured  in  the  United  States.  It  is  not  known  that  stone  suit- 
able for  it  exists  here. 

ITS.  The  heavy  slow-setting  Portland  comenta,  natural  or 
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nrtificial,  are  the  only  ones  suiiable  for  b^ton  a^loro^M 
Xher  are  manufactured  cxtensivelj-  tkroiighont  Europe. 

Tliis  cement  is  produced  by  buniiug,  witU  a  heat  of  ^rcat 
intcuBity  aiid  duration,  argulaucoiiB  limestones,  contaiiiiii2 
firm  20  to  22  per  cent,  of  clay,  or  an  artificial  raixrure  or 
iiarboiiate  of  linic  and  clay  in  similar  proportions,  and  theu 
reducing  tlio  product  to  fine  iiowder  between  millstonce,  lu 
tliis  condition  its  weight  ehonld  not  fall  short  of  101  ponnda 
and  will  seldom  exceed  13S  pounds  to  the  bushel,  poured  in 
loosely  and  etniek,  without  being  eliakeu  down  or  compacted. 
Between  these  limita  additionarweigbt  may  always  I>e  con- 
ferred in  the  burning,  by  augmenting  the  intensity  and 
duration  of  the  heat ;  and  both  uio  tcnailo  strength,  and  the 
time  reijiiired  to  Mty  increase  directly  with  rJie  weight  For 
example,  a  Portland  cement  weighing  100  pounua  to  tho 
United  States  bushel,  that  will  set  in  half  an  hour,  and  sus- 
tain when  Eovcn  days  old  a  tensile  strain  of  200  pounds  on  a 
sectional  area  of  one  square  inch,  would  have  its  time  for 
Betting  increased  to  fonr  or  five  hours,  and  \\»  tensile  strongtli 
to  about  400  pounds,  if  burnt  to  weigh  124  pounds  to  the 
bushel.  An  increase  in  weight  of  24  (xinnds  to  tbe  bushel 
nearly  doubles  the  ultimate  tensile  streugtli  of  Portland 
cement. 

When  the  matrix  of  b^ton  a^lom^r^  is  Portland  cement 
alone,  it  is  customary  to  prolongthe  process  of  trituration,  in 
order  to  retard  the  set ;  or,  if  more  convenient,  tin;  mixture 
may  be  passed  throngh  the  mill  twice  or  even  three  times, 
with  an  interval  of  an  hour  or  more  bctwc«n  each  mixing. 
Tlus  course  is  specially  desirable  when  the  cement  weighs 
less  than  100  hundred  pounds  to  the  bushel,  and  is  corresftoud- 
ingly  quick-kietting 

174.  English  ongineore  generally  require  that  the  oement 
shall  be  ground  so  fine  that  at  least  90  per  cent,  of  it  shall 
pass  a  No.  30  wire  sieve,  of  36  wires  to  the  lineal  inch,  and 
bIiuU  weigh  not  less  than  106  pounds  1o  the  struck  bushel, 
when  looacly  poured  into  the  measure.  AVlien  made  into  a 
Btiff  paste  without  sand,  it  should  be  capable  of  sustaining 
without  rupture  a  tensile  strain  of  400  pounds  oit  a  sectional 
area  1^  inch  square,  or  2^  square  inches  (eipial  to  178 
pounds  to  tlie  sectional  square  inch),  seven  days  after  being 
moulded  the  sample  being  immcrwd  six  of  these  days  in 
fresh  water. 

ITS.  Kxperienoe  has  repeatedly  demonstrated,  and  tbej 
have  become  well  rec(^aized  facts,  that  in  order  to  obtain 
uniformly  good  beton  or  artificial  stone,  with  sand,  and 
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t'ither  hydraulic  Itme  or  Puttlaiid  cement,  or  botli,  it  Is  neeca- 
Barr — 

rirst.  To  re^ilate,  in  a  systematic  manner,  the  amount  of 
water  empliiyen  in  tlie  inarmfaclvire  theretif. 

Second.  To  obtain,  with  a  minimum  quantitj  of  water,  the 
ceoicutiiig  material  or  matrix  iu  a  slate  uf  plastic  or  vlaconfi 
paste. 

TTiird-,  To  cause  each  erain  of  wmd  or  gravel  to  be  entire- 
ly lubricated  with  a  thin  film  or  coating  of  this  paste  ;  and 

Fourth.  To  bring  each  and  every  grain  luta  close  and  inti- 
mate contact  with  those  which  surromid  it. 

It  is  also  equally  true,  that  the  l>e£t  reaults  possible  to  be 
pnidiiucd  fn^iii  any  given  materials  will  be  attained  when  the 
above-named  cnnditiona  are  enforced. 

n6.  It  )8  impossible  to  produce  a  cementing  material,  of 
Buitablo  quality  for  beton  agglom^r^,  by  the  ordinary  mcth 
ods  and  niauliinery  used  for  making  morturs ;  for  if  we  take 
the  powder  of  hydraulic  lime  or  Portland  cement,  and  add 
the  quantity  of  water  uetrcBfeary  to  convert  it  into  a  paste  by 
the  usual  trentmcnt,  it  will  ut^uallv  contain  so  much  moietnre, 
even  after  being  incorporftte<l  wiili  tlie  sand,  that  it  cannut  be 
compacted  by  ramming,  but  will  vield  under  tlic  repeated 
blows  of  the  rammer  like  jelly,  li  the  quantity  of  water  be 
reduced  to  tliat  ptjint  which  would  render  the  mixtui-e,  with 
the  usual  treatment,  susceptible  of  being  thoroughly  compact- 
ed by  rammers,  much  ox  the  cementing  Biibstancc  will  re- 
main more  or  le«6  ineit,  and  will  perform  but  indifferently 
well  the  functions  of  a  matrix. 

1T7.  To  prepare  the  matrix,  there  is  taken  of  the  hydrau- 
lic lime  or  cement  powder,  say  one  himdred  parts,  by  meaa- 
nre,  and  of  water  ri-om  thirty-  to  thirti-five  or  forty  parts, 
which  should  be  the  smallest  amount  that  will  accomplish 
the  object  in  view.  Tliese  are  introduced  Ux^cther  into  a 
Buitable  mill,  acting  npon  the  materials  by  both  eompi-ession 
and  friction,  and  arc  subjected  to  a  thorough  and  prolonged 
trituration,  until  the  residt  is  a  plastic,  viscous,  and  sticky 
paete,  of  a  |>eculiar  (diameter,  in  both  it?  physical  appearance 
and  the  manner  in  which  it  comports  itself  under  the  subse- 
qnent  treatment  with  rammers.  There  would  appear  to  be 
no  myster}'  in  this  part  of  tlie  process,  yet  tlie  excellence  of 
the  l>i^ton  aggloroijro  is  greatly  dependent  on  its  proper 
execution. 

If  too  mueh  water  bo  nsed,  the  mixture  cannot  bo  suitably 
rammed:  if  too  little,  it  will  he  deficient  'n strengtli. 

118   llie  sand  should  be  deprived  of  Burplus  moisture, 
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itltliODg^  it  id  not  Tieceee&Ty  that  it  be  ftbsoluteir  dry.  A  an\ 
form  state  of  moiatnre  ur  (irvnesB  alioiild  l>e  aimed  at,  in 
order  t}iat  the  proper  quantity  of  water  may  bo  added  with 
certaintv. 

1*78.  The  matrix  in  paste,  and  the  sand,  having  been  mix- 
ed together  in  tlie  desired  proiM>rtions  (givcm  hen?aftcr),  are 
then  intn»dnccil  into  a  pjwerfnl  mill,  and  eiibjet-tiNl  Ut  a 
iborangh  and  energetic  tritnralioii  nntil,  withoiu  the  addition 
of  more  water,  tlie  paste  presents  the  desired  degree  of  homo- 
geneity aud  plasticity. 

When,  for  any  special  pnrpnee,  it  is  dewred  to  introdnoe 
into  the  mixture  a  quantity  of  Portland  cement,  in  order  to 
increase  the  hardness  or  tiie  rapidltv  of  induration,  it  had 
better  be  added  during  theprocem  of  trituration,  mixed  willi  the 
requisite  incremout  of  water,  so  that  after  proper  mixing  the 
whole  material  will  preKnt  the  appearance  oi  a  ihnrt  psate, 
or  piksty  powder,  whioh  is  qiute  characteriatic  of  this  prooeaa 
of  nuuiipnlation. 

In  OTOinarr  practice,  when  aand  and  hydranlic  lime  only 
tun  employed,  it  will  be  found  to  answer  wrj  well  to  mix 
the  two  toy;ether  dry,  with  sboreU,  and  then  flpread  them  out 
on  the  floor  and  sprinkle  tb«n  with  the  reqanite  minimnm 
amcnnt  of  water.  The  dampened  mixtnre  ii  tlien  shoveled 
into  tlic  mill  and  tritanited,  aa  almdy  described. 

When  a  portion  of  Portland  oement  w  used,  it  m&y  also  be 
inoonmrmted  with  the  other  ingredients  before  the  water  it 
added,  or  iotcodaocd  into  the  raiztiira  in  the  mill,  aa  nuy  be 
prtferreJ. 

When  Portland  akme  is  naed  for  the  matrix,  the  process  (s 
dw  sanM  M  wlien  Un»  akioa  is  need,  except  that  the  tritnra- 
tioB  dioald  be  man  pniaaged,  especiaUy  if  the  cement  be 
ntfaer  liglit  and  qtiiA>«et^ig. 

Harii^  both  eainaily  at  command,  the  following  pinpor 
tkns  ate  employed  for  diTcia  purposes,  acoocding  to  ctrcam- 
stuieea  and  tne  quality  of  Uw  materials: 
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rarely  oocor  that  the  pnywiionaghen  in  the  twi 
n  the  ngfat  ai  ibe  abonre  mAa  need  be  aasd.    Tbc^ 
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are  ei.itablo  for  ornamented  blocks,  reqiiiriug  rciuoval  and 
baudling  a  day  or  two  aitur  beiu^  made. 

It  may  eonietimes  happen  that  too  much  water  haa  been 
intrxKiuccd  in  tlie  nrcparatiou  uf  the  paste.  A  pn.tper  correct* 
ive,  ill  eiK^i  cuAe,  ia  tlie  iiilmdnclioii  into  llie  mill  i»r  a  siiilable 
quautiiy  uf  eacli  of  the  iugredieute,  mixed  together  dry  in  the 
requirc-d  proportions. 

By  eraploving  none  but  white  sand  and  the  lighter-colored 
Tarieties  of  lime  and  cement,  a  stouo  closely  imitating  white 
marble  may  be  made,  while,  by  the  introduction  of  coloring 
Dmtti.!r  iiitu  the  paste,  bucIi  ha  uchrce,  oxidct),  L-arWmatcs,  etc., 
or  fragmeulfi  of  natural  stones,  any  variations  in  shade  or  tex- 
ture may  be  produced,  from  the  moet  delicate  buflf  and  drab, 
to  tlie  darkest  grays  and  browna. 

In  some  oaaos  it  may  l)e  found  more  convenient  to  measure 
the  ingredients  directly  into  tlie  milt,  alternating  with  the 
different  materials,  iu  regular  oi'der,  using  for  the  pur^« 
measuree  of  various  size&,  cori-es{)onding  with  tlie  required 
proportions. 

When  it  is  speciallr  desirable  to  obtain  stone  of  the  maxi- 
Tniim  d^ree  of  Htreiigth  and  htirdneiM,  tliu  paste  may  be  re- 
ttinied  a  second  or  oven  a  thij-d  time  to  the  mill,  but  in  all 
ca^ee  the  mass  must  be  hraiight  to  the  chai'acteri^tic  state  of 
incoherent  pu^  powder,  or  short  paste. 

180.  Tlie  materials,  after  being  mixed  to  a  state  of  pasty 
powder,  tiavo  to  beag^louierated  in  m«uld[>,in  urder  to  become 
Mtuu  or  artiliciEl  stona  In  ctther  words,  the  grains  of  sand 
and  gravel,  paeh  coated  all  over  with  a  thin  film  of  the  matrix 
— entirely  exhausting  tlie  matrix  llierebv — have  to  be  bmiight 
into  cloee  and  intimate  contact  with  each  otlier.  Tliis  is  ac- 
oompUshcd  by  ramming  the  paste  in  tluu,  successive  layers, 
in  a  mould  of  the  form  and  dinionsiciis  required  for  the  stone, 
and  made  so  as  to  be  capable  of  sustaining  heavy  pressure 
from  within,  and  of  being  taken  apart  at  pleasure. 

Into  this  mould,  suppnsiug  it  to  l>e  fv<r  a  detached  building 
block,  and  not  for  monolithic  masonry,  a  quantity  of  the  stone 
paste  is  thrown  witii  a  shovel,  and  spread  out  in  a  layer  from 
1^  to  2  inchcB  thick.  It  is  tlien  tluipoiigldy  compacted  by  ibe 
repeated  and  systematic  blows  of  an  iron  shod  rammer,  until 
tlie  stratiim  of  material  is  reduced  to  about  one-third  its  origi- 
nal tliickncfts.  ^VlJe^  this  is  done,  its  surface  is  scratched  or 
ronghened  up  Tvitli  an  inm  rake,  iu  order  to  eocure  a  perfect 
bond  with  the  succeeding  stratum,  and  more  of  tlic  material  is 
added  and  packed  in  the  same  manner.  This  process  is  con- 
tinned  unlil  the  moidd  Is  full    The  npjer  surface  is  then 
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struck  with  a  straight-edge,  and  sinoutiied  off  with  a  trowel, 
after  which  tlio  full  motdd  may  at  odc-o  be  ttirncd  o^cr  on  a 
bed  of  sand,  and  the  bottom,  ^ide,  and  end  iiieccfi  removed. 
The  block  ia  then  finiphod.  If  araall,  snch  as  one  man 
can  liandle,  it  may  be  safely  removed  after  one  day.  Larger 
pieces,  like  ^ilbt,  lintcU,  t^tcpa,  platforms,  etc,  should  be  allowed 
a  longer  time  to  harden,  in  consequence  of  their  greatei 
weight. 

Ill  case  of  monolithic  masonry,  the  moulds  usually  consi&t 
of  a  series  of  planks  pla<^ed  one  above  the  other  horizontally^ 
and  supported  against  exterior  nprights,  so  arranged  aa  to  give 
the  required  fonn  to  the  work  nnder  construction.  Tneeo 
planks  ore  raised  up  as  the  wall  progresses,  so  that  each  day'a 
work  shall  unite  intimately  with  that  of  the  pronons  day,  pro- 
ducing a  sni(Httl)  and  even  surface,  without  joints,  ridges,  or 
ntarkt)  of  any  kind. 

A  chftracteristie  property  of  this  stone  paste,  when  prop- 
erly mixed,  is  that  it  does  nut  assume  a  jelly-Uke  motion  when 
rairimeil. 

Its  degree  of  moisture  mnrt  be  precisely  such  that  the  effect 
of  each  blow  of  the  rammer  shall  be  distinct,  local,  and  per- 
manent, w^ithout  disturbing  the  contiguous  material  eompaeted 
bv  previous  blows.  If  it  be  too  niittst,  the  ma^  will  shake 
like  wet  rlftj,  and  if  it  be  ton  dry,  it  will  break  up  around  the 
rammer  tike  sand.  In  either  case  the  materials  cannot  be 
compacted  and  agglomerated  in  Uiat  manner  and  to  that 
degree  which  ia  ch^cteristic  of,  and  peouUar  t<^  beton  aggk)- 
mSr6. 

In  monolithic  buitdingH  of  this  txJton,  it  is  cusUimary  to 
construct  atl  tlie  Hitos,  pipes,  and  other  openings  for  heating 
and  vetitilating,  and  for  conveying  water,  ":a&^  and  smoke,  in 
the  thickness  of  the  wall,  by  using  movaliie  wires  «if  the  I'e- 
qtiired  ei7.e  and  form,  anniiul  which  the  inateriul  is  [^lacked. 
As  the  work  prognoses  the  coreA  are  moved  up. 

Oittatnental  work  of  simple  design  may  be  placed  upon  the 
exterior  of  the  1)uilding,  by  attaching  tlie  moulds  to  tlio  plank- 
ing which  give*  form  to  the  walk 

more  elaoorato  designs,  especially  if  they  are  of  Imld  relief, 
like  coniicee,  and  IukmIs  for  windows  and  uo^ts,  Ijad  better  be 
monlded  in  (Ietaehe<l  pieces  some  days  in  advance,  ai.d  hoisted 
int<)  position  when  required, 

181.  All  kinds  of  maaonry  in  thin  wqIIb,  whether  of  brickj 
stone,  common  concrete,  or  b^ton  aggloinor^,  are  liable  to 
crack  from  unequal  settlement,  or  froni  tlie  expaupmn  and 
coutractiou  due  to  ordinary  changes  of  temperature.    Id 
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liOQaos,8neb  cracks  are  more  to  be  apprehended  at  tlie  roen* 
Cenng  angles  of  the  exlerinr  walls,  atm  at  tlie  jiincrions  of  tlie 
exterior  aiui  jwirtitioti  walle,  than  elsewhere.  In  concrete  or 
bdtOQ  moatjiiry  such  cracks  may  ho  prevented  in  a  great 
rocaBure,  \vithout  inuoiivcniencc  and  at  a  nominal  oust,  by  em- 
bedding and  incorporating  in  tJie  work  as  it  prngresseB, 
at  the  angles  and  iiinctioiis  referred  to,  pieces  of  old  scrap- 
iron  of  irrt^ilar  shape,  such  as  Iwlts,  nngs,  hooke,  clamps^ 
wire,  etc. 

Any  inasoiuy  of  fair  qaality,  constructed  in  lar^  raasses 
with  8p*jcial  reference  to  inertia,  whether  to  resist  Uie  thnists 
of  earthen  emhatikmentd,  the  statical  pn^^nre  of  water,  the 
force  of  the  current  in  rnnninc;  streams,  or  for  any  other  pur- 
pose, possesses  a  degree  of  ultimate  strength  much  greater 
than  the  usual  factor  of  safety  would  require,  and  largely  in 
excess  of  any  strain  that  it  would  ever  have  to  sustain.  This 
excess  of  sti-ength,  or  rattier  the  material  which  confer)  it,  may 
be  readily  saved  in  works  built  of  boton  agj'loinerc,  by  leaving 
large  holWrs  or  voids  in  the  heart  of  the  wall,  and  tilling  them 
op  with  sand  or  heav^  earth. 

Even  if  the  voids  remain  unfilled,  a  hollow  wall  is  more 
stable  than  a  solid  one  containing  the  same  quantity  of  mar 
terial,  for  t ho  reason  tliat  tlte  moments  of  the  forces  which 
eoufer  stability  are  greater  in  the  former  than  in  the  latter. 

182.  Durability.  The  densest  moitars  that  can  bo  pi-o- 
dnoed  from  givuu  materials  are  the  best,  and  the  use  of  a 
large  ainouut  of  water  is  inoompatible  with  the  condition  of 
density. 

The  best  pointing  mortat,  iiidood,  is  a  l«Ston  agglomoni,  an- 
swering fully  to  the  description  of  that  material,  being  pre- 
pared with  a  small  proptirtion  of  water,  and  applied  by  caulk- 
ing it  \n\x>  tlie  joints.  lu  northern  elimatea  it  \\a»  to  sustain 
the  aeverest  tests  to  which  masonry  of  any  description  ean  bo 
exposed ;  to  alteniatious  of  cold  and  hea^  moisture  and  dry- 
ness, freezing  and  thawing. 

li&Unx  ftgglum^r6,  when  the  volume  of  matrix  is  so  adjsiited 
that  the  voids  in  tlie  sand  are  completely  tilted — say  m  the 
proportion  generally  of  one  of  the  matrix  to  two  and  a 
nail  or  three  of  sand — becomes  in  process  of  time  as  imnor- 
vtoQs  to  water  as  many  of  the  compact  natural  stonea,  while 
its  niatored  streni^th  exceeds  that  of  the  best  qualities  of 
sandittone,  sotno  of  the  grauitee,  and  many  uf  the  liincslonos 
and  marbles. 

Chemical  tests  have  shown  this  b^ton  to  be  practically  im 
|ierviouj9  to  water. 
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Tills  inAtprial,  thpreforo,  poeseisefi  all  the  charaetcriiUc 
properties  of  ilurability,  being  dense,  hard,  strong,  nud  hoinfr 
geneouB;  and  there  wmild  nppoar  to  bu  no  reaMHi  for  BiipiKiS' 
ing  tlmt  it  may  not,  with  entii-e  wifofy,  be  appliod  to  out-d<Kjr 
con«triif:tione,  evon  iu  tho  inotft  northerly  porlioua  of  cho 
Tnitud  Statofi. 

It  is  injured  by  freezing  before  it  has  had  time  to  set  Im- 
portant works  enould  not,  therefore,  bo  executed  dnriug  the 
wiiitijr  in  cold  cliinatcs. 

Thy  cifect  of  frt-ozliig  on  newly  made  b^ton  ia  to  detach  a 
thin  stale  from  the  exposed  stirlace,  producuig  a  rough  and 
DU»ightly  appearance ;  but  the  injury  d^tee  not  extend  into  the 
mass  of  the  matet-ial,  unleae  the  fmbt  Iw  very  intense. 

Li  monolithic  conetructiona,  the  plank  cofFr«  affords  sufli- 
cieut  protection  to  the  face  aiirfauee  of  the  work  agaiusi,  nuKi- 
cratc  frost,  and,  when  tho  tcinpornturc  rungcs  gcucrully  not 
much  lower  than  the  fi-coxing  pttint  during  tho  day,  work 
may  be  safely  carried  on,  if  care  \ni  taken  to  cover  over  the 
new  uiateriafat  night.  After  it  hua  onco  sot,  and  hiw  had  a 
few  lioiirs  to  harden,  neither  flevoj*  froftt^  nor  alt*;nml*  fix-ez- 
ing  and  thawing,  has  any  peixreptihle  effect  upon  it,  and, 
under  any  and  all  circumstances,  it  is  much  le^ti  Ualite  to 
injury  from  Ibe&o  causes,  and  requires  fewer  precatitioni 
fur  it«  p)-otCL*Liun  agaiiiKt  tliem,  llian  couuuon  hydraulio  oon- 
crete. 

Monolithic  constructions  in  b^ton  Rgg]unieii5  may  advan- 
tiigCfjUflly  he  earned  on  whenever  it  ie  not  too  cold  to  lay  fii-fet- 
claBs  brick  maaonr}'. 

In  Paris  aud  vicinity  operations  are  not  generally  suspended 
during  the  winter,  unless  tlic  o^ld  be  unusuaUy  severe  lortliat 
climate. 

Pieces  of  statnar^*,  and  other  ftpecimens  omainentcd  with 
delicate  tracery,  have  been  exiKiaeu  for  Hve  consecutive  winters 
bi  tho  weather  in  New  Yoi-k  City,  without  undergoing  the 
slightest  perceptible  change. 

The  power  possessed  by  bdton  agglouitir^  of  resisting  the 
solvent  action  of  salts  (pruicipallv  tue  sulphateB  of  iimgneeia 
and  soda)  and  certain  gases  contanied  iu  ^a  water,  res\6  upon 
analog}'  rather  tli»n  upon  proof  based  upon  adcijiiatc  expcri- 
cwe  and  otist^^rvHliou. 

Eminent  Kumpoan  engineers  do  not  hesitate  to  use  Portland 
cement  concrete,  mixed  witli  a  comparatively  large  dose  of 
water,  for  very  important  subinanue  constructions.  The 
matrix  of  this  concrete  p0H6es!>es  less  deiii^ity  and  strength 
than  that  of  b^ton  agglom^r^,  and  if  the  lime  he  excluded 
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from  the  latter,  tbe  indaration  in  the  two  cases  would  be  due 
to  precisely  the  same  chemical  action.  The  materials  are 
indeed  identical  in  couipoeition  under  tliis  condition,  with  the 
exceptiou  that  there  is  an  excess  of  water,  and  coni-eqiiently 
an  eU'iufnt  of  weakness,  in  the  Eiielish  concrete,  which  does 
not  attach  u>  the  lioton.  The  durability  of  the  latter  in  sea 
«*ater,  without  being  ranch  disctiBsed,  has  been  very  generally 
conceded. 

Munulllhic  constructions  under  water  cannot  be  executed 
In  beion  aggloroere,  for  the  reason  that  the  prescribed  ram- 
ming in  lliin  layers  would  nece»warjly  have  to  be  omitted,  and 
some  other  mode  of  eonij^avthig  tlie  mixture  fuliowed.  Tliis 
material,  however,  wbuu  laid  green  tlmjuyh  water,  loses  its 
di-vliiict  name  and  character,  as  well  aa  its  &Hi>erior  streugth 
and  hurdness,  hiu)  becnineg  cuniniun  bctou  or  concrete,  with 
the  Qooi-ser  batkst  omitted.  Its  use  in  tliiR  form  t«rtainly 
offers  no  advantages  with  re^rd  to  strength,  while  in  point 
of  ectitiomy  the  usual  proportions  of  matrix,  sand  and  shingle, 
or  bn>ken  stone,  is  preferalile. 

ISa  Adherence  of  Mortar.  The  force  with  which  mor 
tars  in  penorul  adhere  to  other  nmteriala,  depends  on  the 
nature  of  the  material,  its  texture,  and  the  slate  of  the  sur- 
face Ut  which  the  mortar  h  applied. 

184.  Mortar  adheres  most  strongly  to  brick ;  and  more 
fceblv  tu  wood  than  to  any  other  material.  Among  stones, 
its  adhesion  to  liinet^tono  iii  generally  greatest;  and  to  basalt 
and  sandstones,  least.  Amono;  stones  of  the  eame  claee,  it 
adhoroa  generally  better  to  the  pon^us  and  coarso-gmined, 
tlian  to  the  compact  and  fmc-graincd.  Among  Burtaces,  it 
adheres  more  ftlruUL^ly  to  tlie  rough  than  to  the  smooth. 

185.  The  adhesion  of  common  morrar  to  brick  and  stone, 
for  ihe  first  few  years,  is  greater  than  the  cohesion  of  its  own 
particles.  The  force  wiiii  which  hydraulic  cement  adheres 
to  the  same  materials,  is  less  than  tliat  of  the  cohesion  be- 
tween its  own  particles;  and,  Cruni  some  recent  experiments 
of  Cfdonel  Pasley,  on  this  subject,  it  would  seem  thai  hy- 
draulic cement  adheres  with  nearly  the  same  force  to  jioUshed 
surfaces  of  stone  as  to  rough  surfaces. 

186.  Fi-om  experiments  inaile  by  l^mdelet,  on  the  adhesion 
of  common  mortar  to  stone,  it  appears  that  it  required  a  foixrc 
varying  from  15  to  30  pounds  on  the  gquai-e  inch,  applied 
periicndicnlar  to  the  piano  of  the  joint,  to  separate  tbe  mortar 
and  stone  after  six  montlis  union ;  whereas  only  b  pounds  to 
the  square  inch  was  required  to  separate  the  same  surfaoes 
when  applied  parallel  to  the  plane  of  the  joint 
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Fmn  eiMfiuwti  nwls  far  Gofeod  PmScj,  ho  oonclndc. 
th«t  the  adBodire  frvee  of  hTdrmnlic  cement  to  ttooe,  may  ba 
takfm  M  tii^  a*  135  poonds  on  the  square  inch,  when  the 
joint  baft  liAd  tim«  to  iiArdm  throogbont;  bat,  be  reitiarkSij 
that  u  in  lar^  jointfi  the  exterior  part  of  the  joint  may  havoj 
hardened  while  the  int^or  itili  rvmauu  Boft,  it  ia  not  aafe  to ' 
eetimate  the  adhesire  foree^  in  tnA  cases,  higher  than  from 
80  to  40  poonds  on  the  square  indi. 
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187.  The  term  Mastic  ia  generally  appUed  to  artificial  or 
natural  cornbiiiaUom  of  bttiuninoos  or  reeinons  eubetanoes 
with  iihcr  ingrodienta.  They  are  owverted  to  variona  tuea 
in  oonstnictions,  cither  as  cements  for  other  materials,  or  as 
ountings.  to  render  them  impemoiis  to  water. 

188.  Bituminous  Maatio.      The  knrtvledge  of  this  m»>J 
terial  date?  back  to  an  earlv  period ;  but  it  is  only  within, 
comparatively   Bpeakinj^,  a  ivvr  yean  that  it  has  come  into 
ermiinnn  nse  in  Europe  and  tliis  country.    The  most  nsuaL 
form  in  which  it  is  now  employed,  is  a  combination  of  min>^ 
ural  tar  and  powdered  bitummoua  limestone. 

169.  The  localities  of  each  of  these  substances  are  very 
numeroos;  bnt  they  are  brought  chiefly  into  the  market  from 
several  places  in  Switzerlanaand  France,  where  thoBc  min- 
erals are  found  in  great  nbnndHnce ;  the  must  noted  being 
VaUie-T raven*  in  Sw-il^.orland,  aiifl  Seyssel  in  France. 

190.  The  mineral  tar  ia  usually  obtained  by  boiling  in. 
water  a  soft  sandstone,  called  by  uie  French  inohi«s«^  which 
is  strongly  impregnated  with  the  tar.  In  this  process,  the  tar 
is  diaerijngcd  and  rises  to  the  surface  of  the  water,  or  adhat^i 
to  the  sides  of  tlie  vessel,  and  the  earthy  matter  remains  af 
the  bottom.  An  analysis  of  a  rich  specimen  of  the  Seyfriel 
bituminous  sandstone  gave  the  followmg  results:— 
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191.  The  bitnminons  limestone  which,  when  reduced  to  ft 
mtwdcrod  state,  ie  mixed  with  the  mineral  tar,  is  kimwn  uttlie 
localities  montioiicd  b)'  the  name  of  a»pKalittm^  an  ap|>cllAtioD 
which  18  now  uguAUy  gi\'en  to  the  ma&tic.  This  1ime6t<>ue  oo* 
can  in  the  secondarr  formations,  and  is  fonnd  to  contain 
variouB  proportions  oi  bitumoii.  var)  ing  mostly  from  3  to  15 
per  eent,j  with  the  other  ordiiiar}-  mineraiSj  as  argilo,  etc, 
which  are  met  with  in  this  formation. 

192.  The  cUy  contained  iu  asphaltic  rock,  as  it  ia  not  im- 
pr^;nated,  like  the  carbonate  of  lime,  with  the  bitumen,  is 
nuriful,  caiuing,  at  times,  the  cracks  seen  in  asphaldo  pave- 
ments. 

Some  rocks  contain  an  nily  eloment,  like  petroleum,  which, 
rendering  the  mastic  made  from  them  too  fat,  mtist  first  be 
distilled  out 

193.  The  bituminous  mastic  is  prepared  from  these  t^ro 
materials  by  heating  the  mineral  tar  in  cast-iron  or  sheet-iron 
boilers,  and  stirring  in  the  proper  proportion  of  the  powdered 
limoslone.  This  operation,  although  very  simple  in  its  kind, 
requires  great  attention  and  skill  on  the  pait  of  the  workmen 
in  inan^ng  the  fire,  as  the  mastic  may  be  injured  by  too  low, 
or  too  high  a  degree  of  heat.  The  liest  plan  apiwars  to  be,  to 
apply  a  brisk  firtt  until  tlie  boiling  liquid  coininencee  to  give 
ont  a  tliin  whitish  vapor.  The  tire  is  tlien  nuiderated  and 
kept  at  a  nnifonn  state,  and  the  powdered  stone  is  gradually 
added,  and  mixed  in  with  the  tar  by  stirring  the  two  well  to- 

Eelher.  When  the  tomperaturo  has  been  raised  too  high,  the 
eatod  maiB  gives  ont  a  yellowish  or  brownish  vajjor.  in  this 
state  it  should  be  stirred  i-apidly,  and  be  removed  at  once  from, 
the  fire. 

194.  The  asjihahic  stone  may  be  reduced  to  powder,  either 
by  nioptlng  it  m  vcs^ela  over  a  firo,  or  by  grinding  it  down  in 
the  ordinary  mortar-mill.  For  roasting,  the  stone  is  first  re- 
duced to  fragments  the  size  of  an  egg.     These  fragments  are 

Snt  into  an  iron  vessel ;  heat  is  applied,  and  the  stone  is  re- 
uocd  to  powder  hv  stirring  it  ana  breaking  it  up  with  an 
iron  instrument,  lliis  proceeaisnot  only  letis economical  thau 
grinding,  but  tlie  mfltcrial  loses  a  portion  of  its  tar  from 
evaporation,  bcsideis  being  liable  to  iiijim'  from  too  great  a 
degree  of  beat.  For  grinding,  tlie  stone  is  first  broken  as  for 
roasting.  Care  should  be  taken,  during  tlie  process,  to  stir  the 
mass  frequentlr,  otherwise  it  mav  form  into  a  cake.  Cold  dry 
weather  is  the  hcai  season  for  this  operation ;  the  stone,  bow- 
ever,  should  not  be  exposed  to  tho  weaiber. 
196-  Owing  to  the  variable  quantity  of  mineral  tar  in 
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bitiunmom  limestone,  tlie  bMi  pwipuriiuiM  cf  tlie  tar  ai.d' 
prjwdcn^d  iUmo  for  bitonnnoiii  nvtio  eunot  be  aid^ed  b<y 
forehand.     Three  or  four  per  nent,  too  much  of  tar  la  said  Uj 
iuipair  both  the  dor&biUtj  ukd  tenacitT  of  the  nuutic;  whUa 
tootttimll  a  qiuiiititj  it  equally  prejudicial     Ueticralhr,  frotni 
eigltt  to  ten  pur  cent,  of  the  tar,  bj  veight,ha£  beeu  umud  to 
jrield  a  favorable  rcsQlt. 
183-  Mast  tot  have  beeo  formed  bj  mutiiig  vegetable  tar, 

Eit<:Iif  aod  other  rcaiiioo*  <ub«(ance«,  with  liiliarge,  powdered' 
rick,  powdenid  limestone,  etc  ;  but  the  rcfiolta  obtauicd  have 
genenulv  been  inferior  to  those  from  bitumiiiuiu  uajstic 

lff7.  Mineral  tar  \»  more  durable  than  vegetable  tar,  and  on 
thU  accoDDt  it  has  been  need  alone  aa  a  coating  for  other 
matcriala,  but  not  with  tb«  same  suooeM  aa  maetic.  Emptored 
fn  thiH  way  the  tar  in  time  iKoonaea  diyand  peels  off ;  wbero- 
aa,  in  the  form  of  mastic,  the  hard  matter  with  which  it  i» 
miied  preventa  the  evaporation  of  the  oily  portion  of  the  tar, 
and  thtupromotes  Iti  dnmbtlity. 

Ids.  Toe  ttiea  to  whiuli  bittnninoua  maatic  U  applied  artt 
daily  increanng.  It  liaa  Uscn  need  for  paving  in  a  variety  of 
f oniw  either  aa  a  cement  for  lai^  blockB  of  Btone,  or  ba'  tlie 
mtUrie  of  a  euucrete  formed  of  amall  fragments  <if  stone  or 
gravel ;  Ml  a  pointing,  it  is  found  to  be  more  serviacablo,  fi^r 
■ome  parpoMa,thaii  hydraulie  cement ;  it  furme  one  of  the  beet , 
water-tig^t  coatings  for  ciAtcrus,  cellan,  the  capping*  of  archck  j 
toraeet,  aiid  other  similar  rooliufi;s  now  in  nee ;  and  is  agooa^j 
praaerratiTe  a^oot  for  wood-work  eiposed  to  wet  or  damp. 
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109.  This  material  is  properly  an  artificial  stono,  formed  by 
nibmitting  common  clay,  which  has  nndcr^mc  suitable  pre- 
paration, to  A  temperature  iuflieient  to  convert  it  inUj  a  semi- 
vitrilitil  Ktalc. 

Itiick  huty  be  used  for  nearly  all  the  purposes  to  which 
■tone  is  apphcable ;  for  xrhon  care'fullv  made,  its  strength,  hard- ' 
nCM,  and  anrabil)ly,are  but  litllu  inferior  ttJtlic  more  ordinary 
UiiKht  of  building  ^tone.     It  remains  unchanged  under  the  ex 
tremet  of  tem|K!rature ;  reeisu  the  action  of  water ;  setA  fitmlj 
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%nd  promptly  with  mortar;  and  being  both  cheaper  and 
lighter  than  stone,  is  preferable  to  it  for  many  kind»  of  atruo- 
tures,  as  arclies,  the  walls  of  hoiises,  ifec 

200.  The  art  of  briek-makinp:  i«  a  distinct  brantih  of  the 
uiMjful  arta,  and  d<jC8  not  properly  bclonj;  to  that  of  the  en- 
gineer. But  as  the  engineer  iitny  at  times  bo  obliged  to  pro- 
pare  tliis  material  himself,  tlic  following  outline  uf  the  prooeM 
may  prove  of  service. 

SZOl.  The  beat  brick  earth  ia  composed  of  a  mixtnro  of  piiro 
clay  and  sand,  deprived  of  pebbles  of  every  kind,  but  |Mir- 
ticularly  of  (hose  which  contain  lime,  and  pyritons  or  other 
tnetalttc  anbstoucoa;  as  these  substances,  when  in  larse 
qnatitities,  an<l  in  the  form  of  pebble^*,  act  as  fluxes,  and  (Uj- 
Btroy  the  shape  of  the  brick,  and  weaken  it  by  cansing  cavities 
and  cracks ;  bat  in  small  quantities,  and  equally  diffused 
throughout  tlie  earth,  they  assist  the  vitrification,  and  give  it 
ft  more  iiiiiforiu  character. 

202.  (>«od  brick  earth  is  frequently  found  fn  a  natnrmi 
state,  and  requires  no  other  prcpnration  for  the  purpfjscs  of 
the  brick-raaker.  When  he  is  obliged  to  prepare  the  earth  by 
mixing  the  pnre  clay  and  sand,  direct  eJtpennientB  shonld  in 
all  cases  be  maile,  to  ascertain  the  proper  proportions  of  the 
twu.  If  the  clay  is  in  excess,  the  teiuperivture  required  to 
Bcmi-vifrify  it  will  cause  it  to  warp,  shrink,  and  crack;  and 
if  there  is  an  excess  of  sand,  complete  vitritication  will  enaop, 
nndcr  aiiniUr  circnmstances. 

203.  The  quality  of  the  brick  depends  as  much  on  the 
care  bestowed  on  its  manufacture,  as  on  the  ijnality  of  the 
earth.  The  flrat  stafre  of  the  process  is  to  fi-ee  the  earth  from 
pebbles,  which  is  most  efFectually  donebv  digging  it  out  early 
in  the  antiiran,  and  exposin;^  it  in  small  lieaps  to  the  weathei 
daring  the  winter.  lu  the  spring  the  heaps  are  carefully 
riddled,  if  necessary,  and  tlio  earth  is  then  in  a  proper  state 
to  be  kneaded  or  tempered.  The  quantity  of  water  i-equired 
in  tempering  will  depend  on  the  quality  of  the  earth ;  no 
more  should  be  used  than  will  be  sufticient  to  Tnake  the  earth 
K>  plastic  as  to  admit  of  iw  being  easily  moulded  by  tlie 
worKman.  About  half  a  cnbic  foot  of  water  to  one  of  the 
earth  is,  in  moat  cases,  a  good  proportion.  If  too  much  water 
be  used,  the  brick  will  not  only  be  very  alow  in  drying,  but 
it  will,  in  most  cases,  crack,  owing  to  the  surface  becf»ming 
completely  dry  before  the  moisture  of  the  interior  has  had 
time  to  escape;  the  cflnsequcnco  of  wliich  will  be,  that  the 
bnck,  when  burnt,  will  be  either  entirely  unfit  for  use^orvei:! 
wtak. 
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907.  Briek  of  a  aood  qoaHtr  cxhibiti  a  fiaeL  eonpact,  oni* 
£onn  tcxtsfB,  wfaea  bralcen  aen»:  p^m  a  dearrrinpDff 
aoand,  when  Uraelc:  aad  it  of  a  dk«TT  rcd^  or  bnnriiif£ 
Bolor.  Ihree  Tarietm  are  fonad  in  the*  kiln :  thoce  wLich 
&)nn  the  arefaea,  denoratnated  «ra(  hridk,  an  alwa\-i  vitrified 
in  part,  and  preeent  a  grajish  ghaajr  appcafaocv  at  one  cud  ; 
tbeT  are  rety  hard,  bat  brittle,  of  infanor  tfzeiuth,  aud  eet 
bad);  with  mortar:  thoae  from  the  interior  <x  the  kiln, 
■laaby  deooniinatea  io^,  A«r^  or  cAtfry  Met,  are  uf  the 
beat  qoalHr  ;  thcae  from  ikear  the  top  and  tides  are  generally 
Bodctbomt,  and  are  denominated  a^f^  P^*  <3t  fomma 
bridp;  tbej  have  neither  wfllcient  strength  uor  durabilitv  fur 
ItoiTv  ftiak/iirj',  ntJT  tlie  oetade  oonrees  of  valU  «hidi  are 
expAed  to  the  weather. 

S08.  The  qnality  of  good  brick  may  be  improved  by  toak 


big  h  for  iomc  daTB  in  water,  and  re-bnming  It.  Tliin  nro- 
e«f  increases  both  the  streiii^  and  durnbiittv,  and  rcndora 
the  brick  more  euitable  for  hydranlic  constnictionB,  as  it  la 
found  not  to  imbibe  water  so  readily  after  having  under- 
gt>ne  it. 

209.  Tlie  size  and  form  of  bricks  present  hnt  tnflin?  varia^ 
tions.  They  are  generally  rectangular  parallel opipeoB,  from 
ciglit  to  nine  inches  lonp,  f\\»u  four  to  lonr  and  a  lialf  wide, 
and  fn>m  two  to  two  and  a  quarter  chick.  Thin  brick  ia 
eetierally  of  a  better  quality  than  thick,  because  it  can  be 
dried  and  l>nmed  more  uniformly. 

210.  Ptre-briok.  This  matorial  is  used  for  the  facing  of 
furnaces,  firvplacea,  itc,  where  a  higli  defjjree  of  tem])eratnre 
5a  to  be  su-staincd.  It  is  made  of  a  very  refractory  kind  of 
pure  clay,  that  remaine  unchanged  !>y  a  degree  of  heat  which 
would  \'itrify  and  comi)Ietely  destroy  ordinary  brick.  A 
very  remarkable  brick  of  tliii^  character  han  been  made  of 
agaric  minfral  ^  it  remains  unchnn^d  under  the  higliest 
temperature,  ia  one  of  the  worst  conductors  of  heat,  and  so 
light  that  it  will  float  on  water. 

211.  Tiles.  As  a  nxtf  coveriiig,  files  are  in  many  respects 
Boperior  to  elate,  or  metallic  coverings.  They  are  etrong  and 
dnrable,  and  are  very  suitable  for  the  covering  of  arches,  as 
their  great  wcin;ht  is  not  %**  <>bj<,'ct  ion  able  hero  as  in  the  case 
of  rooiB  formed  of  franicaof  Limber. 

Tilefl  should  be  made  of  (lie  be«t  potter's  clay,  and  be 
monlded  witli  CTCat  care,  to  give  them  the  grealest  density 
and  Htrciigth.  T'hey  are  of  very  variable  form  and  size;  Uie 
worst  t>eing  the  flat  square  form,  aa,  from  the  liability  of  the 
clav  to  warp  in  boming,  they  do  not  make  a  perfectly  water- 
tight oovering. 
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212.  Tin's  mftteriiil  hold*  the  next  rank  to  atone,  owine  to 
its  durability  and  Btrcnoth,  and  tlie  ver)'  genernl  use  made  of 
it  in  constnictionu.  To  »uil  it  to  the  purp<«e8  of  the  en- 
gineer, the  tree  ia  foiled  after  having  attained  its  mature 
growth,  and  the  tnink.  the  larger  branches  tliat  spring  fn>m 
me  tmnk,  and  the  main  parts  of  the  root,  are  cut  into  snita- 
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bio  dlincuf-ions  and  wwoned,  in  which  state  the  term  tim' 
her  ii«  ii|>|ilie(l  to  it.  The  cronVeaJ,  or  comjxMH  timber  ot  the 
brmiriics  arid  roots  iB  mostly  applied  to  the  parposei  <if  ehip- 
btiildlng — for  the  knees  and  other  parts  of  tne  rrsTne-work  of 
v<:«BelH  requirintf  crooked  tinilxT.  Tlic  trunk  funiishcd  all 
the  atraigliL  tiiuEcr. 

213.  Trunk.    The  trnnk  of  a  full-^^Dwii  tree  present! 
three  distinct  parts:  the  hark^  wtiich  forms  the  exterior  c<iat- 
ing;  the  mp-^eood,  whicli  is  next  to  the  lark  ;  the  ^mrty  or 
Inner  part,  which  is  eaeilj  distinguishable  from  the  sap-woodj 
hy  its  greater  finuncfls  and  darker  color. 

214.  The  heart  forms  the  et^sential  part  of  the  tmnk|  as  a 
bnildiug  material.     Tlie  sap-wood  (>ceBessee  bat  little  Mren^^th 
and  ieauhjuct  to  rapid  deca^r,  owing  to  the  great  quantity  ul 
feniictitnlile  mutter  cntitnincd  in  U ;  and  the  bark  is  not  only . 
withuiii  Btieiigth,  but,  if  snffert-tl  to  remain  on  the  tree  after* 
it  is  felled,  it  hastens  the  decar  of  the  sap-wood  and  heart. 

215.  FeUlog.     Treee  sboulj  not  be  felled  for  timber  until. 
ihoy  have  attained  their  mature  gron-th,  nor  after  rhey  cxhibitj 
gymptoms  of   decline;   othenrise,  tlie  Umber  will   be 
strong,  and  far  less  dnrable.     Moat  forest  trees  arrive  at  mi 
turity  iwtweon  tlfty  and  one  himdred  years,  and  f')niinen( 
to  dectinu  ttftiT  itiie  hundred  and  fifty  or  two  hundreil  vci 
The  age  of  tlie  tree  can,  in  most  cases,  be  ascertained  either] 
bj-  its  external  appearances,  or  by  cutting  into  llie  wntre  o£] 
the  trunk,  and  counting  the  rings,  or  layers,  of  the  sap  anf 
heart,  as  a  new  ring  is  formed  each  year  in  the  process 
Tq;etation.     AVhen  tiie  tree  commences  to  decline,  the  ex- 
treniitiott  of  tlie  old  branches,  and  particularly  tlie  top,  exhibit 
signs  of  decay. 

216.  Trees  should  not  bo  felled  while  the  sap  is  in  circnW 
tiun  ;  for  this  substance  is  of  a  peculiarly  fennenlable  natui 
and  therefoi-o  very  pn*d«clive  of  destruction  to  the  woo 
The  winter  months,  and  July,  are  the  seaB^^'Oa  in  which  treet' 
are  fellctl  for  timber,  as  the  sap  is  gouentUy  cont^ldered  as 
dormant  darine  these  months.  Tliis  practice,  however,  is  in 
part  condemned  by  some  writers ;  and  the  rei-ent  experiments 
of  jr.  iloticherie,  in  France,  supjKirt  this  opinion,  and  indicate 
midsummer  and  autinun  as  tlii*  Kcamms  in  whii;h  the  sap  ir 
least  active,  and  therefore  &s  most  favorable  for  felling. 

217.  Girdling  and  Barking.     As  the  eaj^wood,  in   most 
treca,  formn  a  lara;  [wrtion  of  the  tnmk,  exjterimenta  !iav< 
been  made  fur  the  purpose  of  impronng  its  strength  and' 
durability.    These  experiments  have  been  mostly  directed 
towards  the  manner  oi  preparing  the  tree  before  felling  it 
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One  tnefliud  conBista  in  girdliiig,  or  making  an  incU (on  with 
ail  axif  an>iin(]  tlie  l,niiik,  completely  Uirongli  tbo  (iap-wiMn), 
and  eiiffcring  the  tree  to  stand  in  this  state  until  it  is  dc-ad  ; 
Uie  other  consi&ta  in  barkinff,  or  stripping  the  entire  tnink  vi 
its  berk,  without  wounding  the  sapwrxxl,  early  in  the  spring, 
and  allowinc;  the  tree  U>  stand  until  tlio  new  loaves  have  ptit 
forth  and  iiSltiH  before  it  is  felled.  The  sap-wuud  of  trees, 
treated  hy  both  of  these  inethtHls,  was  fnnnd  ver^  much 
improved  in  hardneas,  strength,  and  durability ;  tlie  results 
froiu  girdling  were,  howover,  inferior  to  those  finom  barking. 

218-  Methods  of  l^easonlng.  Tlie  seasoning  of  timber  is 
of  the  greatest  irnpt^rtanoe,  not  only  to  its  diirai^ility,  but  to 
thesoUdhy  of  the  structure  for  wliich  it  tnay  be  iiMtd;  as  a 
Tery  slight  shrinking  of  some  of  the  pieces,  arising  from  tlio 
seasoning  of  llic  woixl.  might,  in  many  «.uises,  cause  material 
injurv,  if  not  complete  destruction  to  the  structure.  Timber 
ja  considered  aR8lltTic•i^.■ntJy  gcaiiuned,  for  the  puri)Ofie.so{  fnmie- 
work,  when  it  lias  lost  about  one  lifth  of  the  weight  wliich  it 
haa  in  a  grcon  state.  Several  methods  are  in  use  for  eeafion- 
iug  timber :  they  consist  either  in  an  exposure  to  the  air  for  a 
certain  period  in  a  sheltered  position,  which  is  ternied  natu- 
ral aeatoning  /  in  imniersit)n  in  water,  tci'med  VHiter  geaaon- 
inff,'  or  in  boiling,  or  *i«flmtn^. 

i^9.  For  natural  seasoning,  it  is  iisimlly  recommended  to 
strip  the  trunk  of  its  bi-ancTies  and  bark  immediately  uj>on 
foltmg,  and  to  remove  it  to  &t)me  dry  position,  tmtil  it  can  be 
sawedinto  suitable  scantling.  From  the  experiments  of  M, 
Bouebcrie,  just  cited,  it  would  scorn  that  better  reaults  would 
ensue  from  allowing  the  branches  and  bark  to  remain  on  the 
trunk  for  some  days  after  felling.  In  this  state,  the  vital  ac* 
tion  of  the  tree  continuing  in  oi)eration,tln'  Ra[>-vi«weU  will  be 
gradually  exhaneted  of  sap  ana  tilled  with  air,  and  the  trunk 
uios  better  prepared  for  tiie  process  of  Beaconing.     To  eom- 

Sleta  the  seasoning,  the  sawed  timber  sliould  bo  piled  under 
r}'lng-sheds,  whore  it  will  ho  fit^cly  cxixised  to  rjie  circula- 
tion of  tJie  air,  but  sheltered  from  the  direct  action  of  the  wind, 
rain,  and  sun.  By  taking  these  prccautiong,  an  equable  eva* 
poration  of  the  moisture  will  take  place  over  the  entire  sur- 
face, which  will  prevent  either  warping  or  splitting,  which 
necessarily  ensues  wbeu  one  part  dries  more  rapidly  than  an- 
other. It  is  further  recommended,  instead  of  piling  the 
pieces  on  each  other  in  a  horizontal  ).iosttion.  that  tiiey  be  laid 
on  cast-iron  snm>ort8  properly  pi-epared,  and  with  a  sufhcieut 
iuolinatiou  to  faciUlato  the  dripping  of  the  sap  from  ouo  end  ; 
and  that  heavy  n^und  timber  Be  bored  through  the  centre,  to 
0 


n 


CITIL 


ynpoM  a  graster  tarimoc  to  the  air,  u  it  1im  been  found  tlisl 
it  eradd  more  in  »eattmlug  Uuut  tquftre  timltcr. 

Kitanl  UMoning  ii  prefenble  to  an^^  otber,  as  timber  sea- 
Mned  in  tliii  wsj  u  botii  itruiigeruid  mure  durable  tbaii  "xUvtf 
pr«ri«red  h^  auv  artttieiiil  phfctaM,  Must  tiiiitjor  will  require, 
ori  an  average,  about  two  yeu%  to  become  fully  Beaaoned  in 
tbc  natural  way. 

2S0.  Tlie  prricntt  of  •easonii^  by  immersion  in  water  is 
ilow  atul  iiiiiicrfcet,M  it  take*  yean  to  saturate  heav^-  timber; 
and  tlin  iobibic  matter  i»  discharged  very  gtuwly.  aiul  i-hiefiy 
fpoin  the  t:xterUtr  lavcrn  of  the  immersed  wood.  The  pmclioo 
of  kenping  timber  m  water,  with  a  Wew  to  fauilitatti  itg  eea- 
■oning,  hax  tietiit  ooiidemned  a«  of  doubtful  utility;  partiijii- 
larly  immersion  in  laU  water,  where  the  timber  is  liable  to  tlte 
inrrjadfl  uf  tbcjoe  two  very  du&tructive  iuhabitaute  of  our  waters, 
the  Limtu/ria  Ter^rrana  and  Teredo  A'avali^;  tlie  former 
of  which  rapidly  destroys  the  hcaviciit  I':^,  by  gradually  eat- 
ing in  Itt'twcon  the  aimual  ringv ;  and  the  lattei,  the  well- 
known  ahljt^worm,  liv  cmivcrting  timber  into  a  (•urlccthoiiey- 
oomb  itatc  by  its  numerrjus  perforations. 

221.  Stuaniing  is  mostly  in  use  for  ship-building,  whore  it 
is  neciMaary  tu  wiftun  tliu  fibres,  fur  tlie  piirpone  of  bending 
large  pieoaa  of  timber.  This  is  effected  by  placing  tho  timber 
in  Dtrong  stoam-ticht  cyUuders,  where  it  is  subiectoj  to  the 
aiTtian  of  steam  long  eriuiigh  for  iho  object  in  view ;   the 

rariml  ii!>.iially  allowed  is  one  hour  to  each  inch  in  thickness. 
tcamiKg  olightly  impairs  the  strength  of  timber,  but  renders 
it  Uiw  Hubii-rt  to  detay,  and  leas  liuble  to  warp  and  crack. 

222.  \>  hiMi  timlwr  is  uiied  for  piists  jfartly  embedded  iu  tiie 
sronnd,  It  is  usual  to  char  the  part  embedded,  to  preserve  it 
mmi  decay.  This  metliod  is  only  serviceable  wlien  the  timber 
haA  bum  previously  well  sensoned  ;  but  for  grocn  timber  It  is 
higiily  injurious,  as  by  closing  tho  pores  it  ]>reventi4  the  evap- 
omtion  from  the  surface,  and  thtu  oausee  fenneiitaiion  and 
mjiid  r1i'i!ay  within. 

223.  Th'if  ni<«r.  durable  timber  is  procnred  from  trees  of  a 
close,  compact  texture,  which,  on  analysis,  yield  the  largest 
qnantily  ni  cArbou.  And  Uiose  which  gnjw  in  moist  and 
■nady  localities  furnish  timber  which  ia  weaker  and  lees  dur 
abb;  than  tbftt  from  trees  growing  in  a  dr)',  open  exposure. 

224.  Defects  of  Timber.     Timber  is  subject  to  defects, 
ariMiug  ciibcr  from  wime  puciiHarity  in  tlio  growth  of  tho  tree, 
or  fi-'im  the  effects  of  the  weather.     Stmigbt-graiued  timber, 
free  fmm  kimts,  is  superior  in  strength  and  quality  as  a  build 
lug  itialerial  to  tlfat  which  is  tho  reverse. 
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225.  llie  action  of  high  wiuds,  or  of  severe  frosts,  iiijurei 
the  tree  whilu  »taii(liiiij:  tiio  fonnoriieparalingtJie  layttni  fnxa 
each  other,  forming  wnat  is  denominated  roUed  timber  ;  the 
latter  cracking  the  timber  ia  several  plauos,  from  the  surface 
to  the  centre.  These  defects,  as  well  as  those  arising  from 
worms,  or  age,  are  easily  seen  bj  ezaminiug  &  cross  section  of 
the  trunk. 

226.  Wet  and  Dry  Rot.  The  wet  and  dry  rot  are  the 
roost  seriuus  caiisea  of  the  deoAj  of  timber ;  as  alfthe  remedies 
thus  far  proposed  to  prevent  them  are  too  expensive  to  admit 
of  a  verv  gctiural  application.  B<.)th  of  these  causes  liave  the 
same  orfgin  :  fermentation,  and  coasequent  putrefaction.  The 
wet  rot  takes  place  in  wood  exposed,  alternately,  to  moisture 
jmd  dryness  ;  and  the  dry  rot  ia  occasioned  br  want  of  a  free 
circulation  of  air,  as  in  cfjnfiiied  warm  localities,  like  c«llara 
and  the  more  confined  parte  of  vessels. 

Trees  of  rapid  growth,  which  contain  a  large  portion  of 
Bap-wood,  and  timber  of  every  desL-riution,  when  used  green, 
where  there  is  a  want  of  a  free  circulation  of  air,  decay  very 
rapidly  with  the  rot. 

227.  Preservation  of  Timber.  Nnmlwrless  experiments 
have  l>een  made  on  the  preservation  of  timber,  and  many 
processes  for  this  purpose  nave  been  patented,  both  in  Kumpe 
and  this  wmntry.  Several  of  these  processes  have  yielded 
the  most  satisfactory  resulla;  and  nearly  all  have  proved 
more  or  !o#a  efficacious.  The  means  mostly  resorted  to  liave 
been  the  saturation  of  the  timber  in  tlic  solution  of  some  salt 
with  a  metallic  or  earthy  baf^e,  thus  forming  an  in&oluble 
eomponnd  with  the  soluble  matter  of  the  timber.  The  salta 
which  have  been  most  generally  tried  are,  the  salphate  of 
iron  or  copper,  and  the  chloride  »if  mercury,  ztnc,  or  calcium. 
The  results  obtained  fn")m  the  chlorides  have  been  more  satis- 
factory than  those  from  the  sulphates;  the  latter  class  of  salts 
with  metallic  bases  possess  undoubted  antiseptic  properties ; 
but  it  is  staled  (hat  the  freed  eulphnria  aciil,  ansln<'  from 
the  chemical  action  of  the  salt  on  the  wood,  impairs  the 
woody  fibre,  and  changes  it  into  a  substance  resembling 
carNm. 

228.  The  processes  which  have  come  into  mnet  general  use 
are  th(«e  of  Mr.  Kyan  and  of  Sir  W.  Burnett,  called  after 
the  patt^ntcea  hjanisin/j  and  hurnethitu/.  Kvan*B  pi-ocesa  ia 
to  saturate  the  timber  with  a  solution  of  chloride  of  mercury: 
u«ng  for  the  siilution  one  pound  of  the  salt  to  live  gallons  of 
water.  Bitmctt  uses  a  solution  of  chloride  of  zinc,  in  the  pro- 
{MHlion  of  one  pound  of  the  salt  to  ten  gallous  of  water,  foi 
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common  )jtirix«c«;  snd  a  more  liti^hly  coucentrated  ef<1iition 
I      vrlicii  the  obje<!L  is  altto  to  render  the  wocxl  iiiiH>m1)iutib1e. 
I  229.  Ak  timhur  under  tbe  ordiuar^  cireum«taiices  of  tm- 

^■BiiirHi'i))  Iintitbett  the  ^lutions  very  slowlv,  a  more  expeditious, 
^^ki  wi-ll  an  more  iHsrfect  iiK^Him  of  Batiiratluii  has  boon  UAeil  ot 


le,  wliifh  coimiHtH  in  placing  the  wood  to  be  prepared  in 


Ci-<n»g  wnnight-intii  cyliiideru,  lined  with  felt  and  wmrda,  to 

Erotect  the  iron  from  the  action  of  the  solution,  where,  tiret 
y  exliaiifitiug  the  eyliiiders  of  air,  and  tiieii  applying;  a  Strang 
SresBiire  by  means  of  a  force-puinpf  the  litjiiiu  is  forced  into 
le  Bnp  and  air  veeeeU,  and  penetrates  to  the  veiy  centre  of 
the  tiiiilter. 

230.  Among  the  patented  proceues  in  onr  conntry,  that  of 
Mr.  Earle  baa  received  nioat  notice.  This  consiifts  in  boHlug 
tlie  timber  In  »  P^.ihition  of  the  t^nlphates  of  copper  and  in>ii. 
Opinion  seema  to  be  divided  as  to  the  ethcacy  or  tliis  method. 
It  has  been  tried  for  the  presen-ation  of  timber  for  artillery 
unarriagutt,  but  not  with  tmtinfactory  results. 
■  231.  }k[.  Itoueherio,  lo  whtme  n1)1e  rescarcheAon  UiigBubject 
K'ferencti  iiiut  been  made,  notiuinf;  the  nlowness  with  whicli 
afjuooiis  solnlions  were  iiiiltibed  by  wckkI,  when  siiDpIy  im- 
mcrined  in  thoni,  caneeived  the  iugonious  idea  of  rendcrinfl; 
the  \'Un\  action  of  the  0iip-vct»i.'lH  giibi^orvient  to  a  thorough 
imiirc'gnalioii  of  every  part  of  tlie  trunk  where  there  was  tliia 
viiality.  To  effect  this,  Jie  first  immersed  tiie  butt-end  of  a 
fn^iihly  felled  tree  in  a  li<piid,  and  found  that  it  was  diffused 
thn>n}>lioiit  all  }>art8  of  the  tree  in  a  few  da}*^,  by  tlie  action 
in  (picstion.  l!nt,  finding  it  diflieult  to  maiiago  trees  of  some 
»\7xt  wbrn  felled,  M.  lt<jueherie  next  at(einj>ted  lo  ^aturuto 
tbein  bofui-e  ftrlliitj;;  for  whicJi  purpose  he  bored  an  auger- 
liole  through  the  imnk,  and  nuido  a  saw-cut  fi-om  the  auger- 
hole  oittwardH,  on  each  side,  to  willu'h  a  few  inches  of  tlio 
exterior,  leaving  enougli  of  the  fibres  untoucbed  to  support 
ttio  tree.  One  end  of  the  Rnger-holc  was  then  stoj^ped,  as 
well  OH  all  of  Che  aaw-eut  on  the  exterior,  and  the  liquid  waa 
introduced  by  a  tube  inserted  into  the  oj>en  end  of  the  auger- 
hole.  This  nietliod  was  found  equally  clUcacious  with  the 
firbt,  and  more  wnveniuiit. 

232.  Afror  exHininiiig  the  action  of  the  various  neutral 
Bftlts  on  the  soluble  niatler  contained  in  wood,  M.  Btiucherle 
was  led  t»>  trj'  the  impure  pyrolignile  of  iron,  both  from  ita 
olieuiicnl  comjxieitiun  and  its  cheapness.  The  results  of  this 
ox|)ennient  were  iwrfcctly  satisfactory.  The  pyrolifcnite  of 
iron,  in  tlie  pn.iportiun  of  oue-^tietli  iu  weight  of  the  green 
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frood,  wag  found  not  ouly  to  preeen'e  the  wood  fi-om  deca}*, 
but  tn  liarden  it  to  a  very  liij;li  doirrce. 

233.  Observing  ihat  die  [jliability  and  elaeticity  of  ktwkI 
de[>eiided,  in  a  great  measure,  on  tlic  tnoistiu'e  contained  in  it, 
H.  Itouchcrie  next  directed  his  attentiuu  to  the  niea*ii»  or 
tmjiruviiig  tlieae  iirtijierties.  For  this  pin-jKiec  he  tried  w>lu- 
tiuua  of  variona  neliqneacent  salts,  whith  were  found  Ui  an- 
swer the  end  jtrojxet'd-  Among  these  solutions  he  gives  the 
preference  to  that  of  chloride  of  Laleiiira,  which  also,  when 
oouceiitmlod,  ri'iidci*  tJie  wood  ineoinbniitible.  He  alwj  ra- 
commendu  for  like  pui-pceei-  the  mother-water  of  eah-niarsheSj 
■B  cheaper  than  the  solution  of  tlic  chloride  of  ealeium. 
Timber  prepared  in  this  way  is  not  only  impi-oved  in  elasticity 
and  pliability,  but  ia  prevented  from  warping  and  cracking  ; 
the  tiuilier,  however,  la  subject  to  greater  variations  Jii  wvigtit 
llian  when  eoaHined  naturally. 

234.  M.  Uoucherie  is  of  opinion  that  the  earthy  chloride* 
will  als(»  act  as  i>rcservatives,  but  to  insure  this  he  recom 
nienda  that  they  be  niLxed  with  one-fifth  of  pyrolignite  of 
iron. 

235.  From  other  experiments  of  M.  Boncherie,  it  appears 
that  the  sap  may  be  esjieUed  from  any  fitshly-felled  timber 
"uy  the  pressui'O  of  a  liquid,  and  the  Umber  bo  impregnated 
tt  thoi-oughly  as  by  tlie  preceding  proceeaee.    To  effect  tliis, 

'the  piece  to  be  saturated  is  placetl  in  an  upright  itusitioii,  60 
tJiat  the  sap  may  flow  readily  fnim  the  lower  end ;  a  water- 
tight bag,  containing  the  lioiiid,  ia  afii?ced  to  tlie  upper  ex 
tremity,  which  is  fiurmouniea  by  the  liquid,  the  pressure  from 
which  expels  the  aap,  and  fills  the  sap-veasels  with  the  liquid. 
The  process  is  complete  when  the  liquid  is  fonnd  to  issue  in« 
ptire  slate  from  tlie  lower  end  of  the  stick. 

2I>7.  Either  of  the  above  proccseee  mav  be  applied  in  im- 
precating timber  witli  culuring  matter  fur  ornamental  pur- 
poses.   The  plan  recommended  hv  M.  Uoucherie  consiBla  in 
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introducing  separately  the  sohilions  by  tlie  chemical  union  of 
whicli  tlie  color  is  to  be  formed. 

238.  The  rapid  decay  of  railroad  sleepers  has  led  to  more 
recent  experiments  in  Europe,  where  timber  is  ecaroe  and 
dear.  Opinion  now  is  in  favor  of  impregnating  ^em  with 
ereodote,  as  tJie  \)e&t  preservative  from  wet  rot 

239.  The  effect  of  time  on  tlic  durability  of  timber,  pre- 
pared by  any  of  the  various  chemical  processes  which  have 
jnst  beeu  detailed,  remaius  to  be  tteeti  \  although  results  oj 
the  most  satisfactory  nature  may  be  looked  for,  cx>nsidcrinff 
ibo  »evere  teats  to  which  moot  o£  the  u  have  been  suljmittea] 
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b^  vsmwtrr  in  uRutfoiM  pMolUrlj^ 
ttori  'tf  Iij»titi>ijjt  Hiihf'ianof*. 

SMO.  OunMUtv  of  Ttmber.    Tlie 
^rhea  not  prvpnr'  /  of  the  n 

v^Lriaa  jrtvattv  mvU  .    .■•<  mit  t!irenitiat*fioM 
plttOTt]  in  li  ftlifltiToil  [MviEii'Df  and  expand  10  • 
doa  of  ftir.  bmber  wHIt  lant  for  contnrim,  wiikam 
■MMlblfl  ttfaaiiMt  in  i^«  phvttt^rsl  jm'jR'rlivs. 
Mlp«rUr,  dwaWi'  -rveil  u-h(>ii  11  ii 

«rai«r,  or  •mbAdd'  rck  vuIIa.  or  und 

b«  Ih<v<*ii>I  iUv  iutlun»i  c^  •tmocpfaariv  chan^cm. 

S4i.  Ill  mI'  ^'tfxf,  how«r«r,  partfeul&rly  ill 

tlintifTr  is   roj  ittrnv^nt    dj  tlio  two   aniioAh  ahtadf 

thp  **•!*%  tiiQ  Aimnwriii  Nnttnrui.  uttAcktrifr.  k  ii  ■■■% 

M.Muunr  wMntt.  «hil»  Ae  flttai-)i<»  of  tl»e  '4lier,  tt* 

■  ii#r*l.     VvfaMB  meaiifi  have  beea  tried 

iinwvn  of  thrw  doMnifttve  agents;  tktf 

tinuHer  :  per,  or  witli  a  c»«tinfp 

JTI^ihI  t>     ___      -•-■d  by  Ktndding  it  tfaick- 

1  iiatU  to  pTv  a  hold  to  the  oemoiC, 

toil  -iK>-v-«{  but  m  oaudafimi  of  the  metal, 

ftiiil  ihn  tiaMlitjr  to  mmMmMI  of  ibveaOMnt,  limit  tlieir  etBca- 

<    .lAMM  wbttt  tfaHQTitM  Wmmwed.     Tbo  dimnical  ^^rt>- 

a  fnr  pi  tfwf »fag  ttMlMW  horn  ^Mftj  d«>  uot   a|i|>ear  to 


of  «l 
of  In :.. 

tuv  tiifi 


gimnl  ihtHit  I 

(tiaiita,  alx-  << 
W)>niL     A  p"^» 
with  iM>(m>  •>( 
aiidiiHl  lift',  i«  Mtid  tt' 
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A  prnr—»  bowwor,  of  prcflornnc 

ll  wtlh  coal  tar.  patKnlcd   in  tbta 

wiok»  w«|VMv«  fn»in  i-Mrofiil  ex]ieri' 

-'-'  a^auwt  the  attack  i»f  the  iiltip- 

TuariMfl*^  wWn  inipn.'gtiated 

itUMttl  poMoiH  dcMructivo  to 

-    t)k»  MUM  AML 

U4U.  Thi<lH«(  MWhMKxlumb«r  will  MtwitlaUnd  the  elTecta 
o(  o:\p4wt1n*  tt)  thi*  wv«thi*r  Ikir  a  aneli  greater  ()«riod  than 
twi'hty  rivo  )i>«ns  unk^w  tl  i%  jm^vK^  bv  a  otialuig  of  pcunl 
(ir  ]>iii-h,  iir  nf  i->tl  Uitl  00  hoi,  wHm  iW  timber  is  partly 
ohftrroil  ovor  a  ti^ht  blas«.  TWe  Mhsnukoai  tibeatolTM,  be- 
ing of  a  iittTHihaliV  tMtninc,  mjitiiT  ^|  br  imeved  ftnm  titno  to 
limn,  ana  will,  ih<>TvfoiT>  N>  M>rn«>MH«t  t<«\lj  in  Ntuations 
which  admit  of  their  ronewaL  Ther  an.  BKVA^Trr,  more 
Kuriful  than  serrieeable  to  iiasiasowd  timber,  as  by  cliwin^ 
the  i»m  of  the  oxMrinr  nirfaea  tber  pnv«Bt  the  'uuiiaaire 
from  eecapiup  from  widiin,  and  therrbm  pn>no«e  v<ie  of  tha 
chief  causes  nf  decav. 

S4a  Forest  T^eaa  of  the  UoltadSiataa.    Thefcwslaol 
gar  own  oountnr  produce  a  gnat  Taria^of  Ike  baR  timber  fat 
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every  pnipoee,  and  supuly  abundantly  both  our  own  and  for 
ei|^  marKets.  The  lulluwing  genera  ai*e  In  most  uomiuoti 
um. 

244.  Oak,  Alwut  fort^-foiir  spedee  of  this  tree  are  enn- 
tnemtcd  bv  botaniste,  as  njuud  in  our  forefits  and  thcee  of 
Mexico.  tTio  imi6t  of  them  afford  a  good  building  rmterial^ 
exoept  the  varieties  uf  red  oak,  the  timber  of  whidi  Xh  weak 
and  deca^-B  rapidlv. 

The  ^\  hi(o  Oflic  {Queroue  AVja),  so  named  from  ihe  color 
of  its  liArk,  ift  oniuii]^  the  most  valuable  of  the  fipccleit,  and  is 
in  very  general  use,  nut  is  mostly  i-eserved  for  naval  couatruc- 
tions  ;  its  trunk,  which  i&  large,  eerviug  fur  heavy  fraine-wurk, 
and  the  nH>t»  and  larger  branrhoH  affording  the  l>c6t  cnniiiHAs 
timber.  The  wood  is  strong  and  durable,  and  of  a  slightly 
reddish  tinge ;  it  i»  not  suitable  for  boajxlg,  as  it  shrinlis  about 
^  in  (ica.S'tniiig,  and  is  very  subject  to  warp  and  crack. 

This  tree  if*  found  nK»et  abundantly  in  the  Middle  Statea. 
It  is  scldont  seen,  in  cuniparii>ou  witli  other  fureet  trees,  in  the 
Eastern  and  Southern  States,  or  in  tlio  rich  valleys  of  the 
Western  States. 

P«jst  Oak  {Qiurotts  Obtunloba).  This  tree  seldom  attains 
a  greater  diameter  tliaii  alnrnt  fifteen  inches,  and  on  this  ac- 
count is  used  niciKtly  for  postts  from  wlitch  ue«  it  takes  ita 
name,  llie  wood  has  a  yellowitdi  hue,  and  cIohs grain  ;  h  said 
to  exceed  white  oak  in  strength  and  durability  ;  and  ie  there- 
fore an  excellent  building  material  for  the  lighter  kinds  of 
frame-work.  This  tree  is  found  nioet  abundantly  in  the 
forests  of  Jlaryland  and  Virginia,  and  is  there  frequently 
called  £ox  ^V7^it^i  Oak,  and  /ron  Oak.  It  also  grows  iu  the 
forests  of  the  Southern  and  Western  Stales,  but  is  rarely  seen 
^rther  north  than  the  mouth  of  the  Iludeon  liiver. 

Chestnut  ^Miite  Oak  {Querent  J^ritivn  I*alustru).  The 
timber  of  this  tree  is  strong  and  durable,  but  inferior  to  the 
two  pK-M-ding  fipecioft.  Ine  tree  is  abundant  from  North 
Carolina  to  Florida. 

Kock  Chestnut  Oak,  {Qvercua  Prtnus  M&nticola.)  The  tim- 
ber of  this  tree  ie  in  xise  mostly  for  naval  eonetructione,  for 
which  it  is  esteemed  inferior  only  to  the  white  oak.  The 
tree  is  fonnd  in  tlie  Middle  States,  and  as  far  north  as  Ver- 
monL 

Lire  Oak  (Qu^rctu  Vtrerui).  The  wood  of  this  tree  Is 
of  a  yellowish  tinge;  It  is  heavy,  compact,  and  of  a  fioe 
grain ;  it  ie  stn>nger  and  more  durable  than  any  other  species, 
and  on  this  account  it  is  considered  iuvaluabfe  for  tlie  pur 
puaeaof  shii>-biiilding,  for  which  it  is  exclusively  reserved. 
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TI16  lire  oftk  is  not  foiiud  farther  nortli  liian  the  neiylibor 
hood  f(f  Norfolk,  Virginia,  imi- farther  jiihmd  tliaii  fmin  tif 
teen  to  twenty  milofl  m>m  the  K-acooiiL  It  is  found  in  nhiin 
dance  alm^  the  co:ist  south,  and  tii  the  adjacent  isiandB  ae  foi 
■A  th(*  iiiixith  of  the  3Iit^i?is6ippi. 

245.  J^ine.  This  very  interesting  genus  is  considered  in 
feriur  only  to  ttie  oak,  from  tlio  exeelTeiit  tindwr  afforded  hy 
nearly  hU  uf  Ua  ii[iccie&  It  in  i%gardud  as  h  niotit  valiiuhlc 
building  iiwitimal,  owing  to  its  etrenytli  and  ditrahilitv,  the 
fitraightuesfi  of  ita  fibre,  the  ease  with  which  it  \&  wrongbt, 
uiid  it»  uppUcubility  to  all  tJie  purpoeee  of  confitructioiis  in 
wotjd. 

Yellow  Pine  {Pinus  Mitu).  The  heart-wood  of  this  tree 
is  line-graincd,  moderately  refiinous,  strong  and  durable ;  but 
the  eRpvvoi.>d  is  vor)'  inferior,  decaying  rapidly  on  ex)>oei]re  to 
the  weather.  Tlie  timber  jb  in  verj-  general  \\m  for  frame- 
work, &c. 

Tliis  tree  is  ftmnd  throngliout  our  conntr)',  but  in  the  great- 
eat  aliuTidiuice  in  tho  Ulidiile  States.  In  the  Southern  btntes 
it  is  known  as  Spruce  Pine  and  S/iorf-h'fti*ed  J*ina. 

Lung-lea vL'd  Pine,  or  Southern  Pine  {Pinwi  AttBtralis). 
This  tni^  liHH  but  tiule  sap-wood,  and  tlie  resinous  niattcr  le 
unifornilv  distributed  throughout  the  heart-w<Kid,  whicTh  pre- 
Bcutfi  a  fine  compact  grain,  having  more  hardneec,  etreiigth, 
and  durability  than  any  other  t»pcuics  of  the  pine,  owing  to 
whiLih  qnalitiue  tho  timber  is  in  very  groat  demand. 

The  tree  is  fim  met  wilh  near  Norfi.lk,  Virginia,  and  from 
tlil^jLKiint  south  it  is  abundantly  found. 

\niite  Pine,  or  Xoilhern  Pine  (Pi/tuM  Sfrohufi).  Tliis  tree 
take*  ltd  name  froiu  the  (»lor  of  ita  w<K>d,  which  is  white,  soft, 
light,  8traight-&:rHined,  and  durable.  It  is  inferior  in  strength 
to  the  species  just  described,  and  hae,  moreover,  the  defect  of 
swelling  in  damp  %veiitlier.  It*  timber  is,  however,  in  great 
demand  aa  a  goc^l  building  material,  t>cing  almost  the  only 
kind  in  use  in  the  Eabteru  and  Northern  Stritce  for  llic  frame- 
work and  joinery  of  hou&e«,  tfce. 

The  finest  specimens  of  this  tree  grow  in  tho  forc&ts  of 
Maine.  It  is  found  in  great  abundance  lictween  the  43d  and 
47tli  parallels,  N.  L. 

S46.  Amung  the  forest  trccsinlcse  general  use  than  the  oak 
and  pine,  the  Locitnt.  the  CAf^irntt^  the  Jit^d  Cedtir^  and  the 
Larm  hold  the  first  place  for  hardness,  strength,  and 
durability.  They  are  ustnl  cbiclly  fur  tho  fmnie-work  of  vcs- 
Rele.  The  chestnut,  the  locust,  and  the  cedar  are  preferred  tc 
all  other  trees  for  posts. 
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247.  Tlie  Black  or  Double  Ppnioe  (Ahiaa  Xi^m)  also  af- 
fords nn  cxccUoiit  material,  its  timber  l>ei»g  strong,  dorablo, 
aiid  light. 

248.  Tlie  Junijier  or  White  C^dtir,  aiid  tlie  Ci/presi  are 
ven"  celobmted  f<ir  affifrding  a  nmterial  whicli  js  \'oxj  light, 
aiitf  of  great  durability  when  cxpusod  to  the  weather;  owing 
to  the«e  qualities,  it  is  almost  excliujively  useJ  for  ehinalea 
and  other  exterior  coverings,  The«e  two  trees  are  found  in 
great  abundance  in  the  swamps  of  the  Southern  States. 
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The  metals  in  most  oommon  use  in  constructions  are  Iron, 
Cupper^  Zinc,  Tin,  and  Leadw 

249.  IHON".  Tliis  metjil  is  vnrv  extenaivoly  need  for  the 
ptirpoaes  of  the  engineer  and  architect,  both  in  the  state  of 
C<Jfit  Iron  aud    Wnni^hl  Iron. 

aao.  6iM/  Itttti  is  one  of  the  moat  valuable  hnilding  ma^eri- 
ftU,  owing  to  its  great  streng^i,  hardness,  and  durability,  and 
the  ease  with  which  it  uu;i  be  cast,  or  moitlded.  into  tlie  best 
fonnSi  for  the  purpoaea  to  which  it  is  to  bo  applied. 

SSL  Cast  iroa  is  divided  into  two  principal  varieties :  the 
Qtay  cast  ir^fn,  and  W/tite  caff  iron,  Tlicrc  exists  a  very 
marked  difference  between  the  pn^perties  of  the«e  two 
varieties.  There  are,  besides,  niany  interniediate  varieties, 
which  partake  more  or  less  of  tlic  properties  of  the^  two,  as 
they  appivioch,  in  their  external  appearances,  nearer  to  the  one 
or  the  other. 

252-  Gray  cast  iron,  when  of  a  ^ood  quality,  is  slightly 
malleable  in  a  cold  state,  and  will  yield  readily  to  the  action 
of  the  filr,  when  the  hard  outside  coating  ia  removed.  This 
variety  is  also  sometimes  termed  soft  gray  cast  iron;  it  is 
softer  and  tnuglier  than  the  white  Iron.  Wlien  broken,  the  siir- 
fact!  of  the  fracture  presents  a  granular  structure;  the  color 
is  gray;  and  the  lustre  is  what  is  termed  metallic,  resembling 
small  brilliant  jmrticles  of  lend  strewed  over  the  surface. 

253.  White  cast  iron  is  very  hard  and  brittle;  when  ro- 
Qpotly  bnikeOf  the  surface  of  the  fracture  presents  a  distinctly- 
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254.  Mr.  Jftfc  j«r.  ix.  <s  ^>er7'  u\ut  ZxiiKr:  vadit  v-  ^a-  ^*"''*'^* 

tirt-  pw.  van:  ^tf  miif  .rmrr.  atunof  iBKavf3cesmfBf-:£  ajtoa.  a 
tbf  '.*:mM-  U(^  It-  6»*cri:*-  jtt  difitreu:  ^trjsuBk.  jcxwei  tie 

tiieir  disuTi*^'*^  vjtrb^xn^ 

aUrejy  Len^  imC'.'tt:  "raiiekew  rxptfiJT  tohl  £q4  &j-  a 
^Kruiairtntut  ^'"jidrjif :  •r^^a!*  TBOrLiKT.  .fen.  trTToIEae, 
iucajA'.utr  iif  '.i^r'.'^  v.u:  '.'j  c^uwt  :r  £jf :  xxjnact  ogaesKJiK  a 

nttudciUii  :  fciinr..'.-  r»ijff  fc  lEzidmimL 

tirf  fii;e*-r*  s-^X:^'r ;  rrrsajf  J*^?t :  ^tuf  ''^T  faji ;  «qb- 

crT0[&if  l»r^  vA  HT:aII  s^x^ :  H-iaiBLlmet  rc^  ;ssek:  em- 
EMgfat  Gray.  T  .'Zjpjxm  »M  2xr5iieB  aooK  ■ichabCe  £v 

Dall  Gray.   Le»  v^c^  tiat  d»  pnrediB^;  oc&er  ckar^ 
*rte?*  aHk«  :  oL'Ctr^rtirjo  ia  <»»llr^  a  — irijaa- 
Dark  Gray.     Kret   ts^x-i^:   -«siiae  tx?  flui; 


pai/tite  ir:  cooling:  it:*fc  tfae  £ra«*;  trfszak  lar^  and 
■amfr!la :  ^liiljaaxe  vjbesax  a  atr^iaasm.  acd  «^^xi«  ran^  a 
.liaxisj'!,'!!, 

2d6-  Tl^e  sraT  :n?a  is  ny«c  foitable  vbere  scrragtfa  it  r»- 
q^:-**! :  »'.'!  ;h.»  ih:^  wiiere  banlrcas  »  tbe  ptiactpal  f»- 

256.  Th^  TT/Ior  and  lustre,  preeeated  bj  th«  furhce  of  a  re- 

-wc?:  fra/:ti;r»r.  are  the  best  rn'i:«.*arioc5  of  "h*  qcalirr  of  iroo. 
A  in-f'.fTTi  dark  jjrar  oil^w,  and  higb  merallic  Instre,  are  in- 
«i:/«rf//f j»  fjf  th«  V/est  and  stroosest.  With  the  same  c(4or.  bat 
[^«  !  ;,«rir.  rhe  ir/D  vill  be  fotrnd  to  be  softer  and  weaker,  and 
fji  'rrfiffiM'i  readilj.  Iron  witbont  lustre,  of  a  dark  and  mol- 
ded 'fA',r.  m  the  eofett  and  weakest  of  the  gf»5  varieties. 

[f.fi  of  a  li^t  srar  o  'lor  and  high  mecaUic  lustre  is  osnal- 
It  ''*:Ty  pjird  and  tenat  ioos.  As  tbe  cc^or  approacfaea  tc 
whir>:.  and  the  metallic  lustre  changes  to  vitreous^  hardneos 
and  brirtknew  become  more  marked,  until  the  extremes  of  a 
dnll^  or  grarish  white  a^lor,  and  a  Terr  high  vitreous  hntre. 
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lire  attained,  n-bich  are  the  indications  of  the  hardest  and 
moot  brittle  of  tlie  white  varietr. 

261.  The  'iimlity  uf  cast  iron  iiib}'  also  be  tested^  by  strik- 
ing a  aiiiart  ^tnike  with  a  haiiinicr  on  the  edge  of  a  casting. 
If  the  blou*  produces  a  slight  indentation,  without  oiijr  aupcar- 
anee  of  frauCure,  it  ebows  that  the  iron  is  slightly  niallcablc, 
ud,  therefore,  of  a  good  quality ;  if,  on  the  oontmrj-,  the 
edge  is  broken,  it  indicates  brittfenera  in  the  material,  and  a 
oonwqiipnt  want  of  strength. 

253.  Tlie  wtreiigth  of  cast  iron  varies  with  its  density ;  and 
this  element  depeudu  iijmn  tlie  temperatnrc  of  the  metal  when 
drav-Ti  from  the  furnace;  the  rate  (tf  cooling;  the  head  of 
metal  under  which  the  casting  Is  made ;  and  tJic  bulk  of  tlie 
casting. 

258.  Tlie  density  of  iron  cast  in  vertical  monlds  increases, 
according  to  Sfr.  Mallet's  experimcrilft,  very  rapidly  friin  the 
lop  downward,  to  a  depth  of  about  four  feet  below  the  top  ; 
from  tliis  point  to  the  bottom,  the  rate  of  increase  is  verj* 
nearly  nnifonn.  All  other  circiiinstanuc*  remaining  fhe 
same,  the  density  decreases  with  the  hulk  of  the  easting; 
hence  larpe  are  proiwrtionally  -weaker  than  small  castings. 

260-  Fnnn  all  of  thew  causes,  by  which  the  strength  of 
imn  may  be  influenced,  it  is  \&Ty  difficult  to  judge  of  the 
quality  of  a  casting  by  its  external  characters ;  in  general, 
however,  if  the  exterior  presents  a  nniform  appearance,  de- 
void of  marked  inefjualities  of  surface,  it  will  be  an  indiita- 
tion  of  nnifonn  strength. 

t;61.  The  etxmoinT  in  the  mannfacttirc  of  cast  iron,  arising 
from  the  use  of  tlie"liot  blast,  has  naturally  directed  attenliou 
to  the  comparative  merits  between  ironproduced  by  this  pro- 
cess and  tJiat  from  the  cold  blast.  Tiiis  subject  has  been 
ably  investigated  by  Messrs.  Fairbaim  and  Ilodgkinson,  and 
thoir  results  pubtisliod  in  the  SeventA  RrpoH  ofth«  British 
A99omation. 

Ur.  UtKlgkinson  remarks  on  this  subject,  in  refercneo  to  the 
results  of  his  experiments:  "It  is  rendered  exceedingly 
probable  that  the  introduction  of  a  heated  blast  into  the 
nianiifactnre  of  cast  iron,  has  iiiiuied  the  softer  irons,  while 
it  has  frequently  mollified  and  impn)ved  Uiobo  of  a  hirnler 
nature ;  and  considering  the  small  deterioration  that "  some 
**inm8  have  snsitnined,  and  the  Bpjmrcnt  benefit  to  those  of  " 
others,  ^'togetlKT  witli  the  great  ^av!Ilg  effected  by  the  heated 
blaAt,  there  seems  good  reason  for  the  process  becoming  aa 
general  as  it  has  done." 

262.  Fi-om  a  number  of  specific  gravities  given  in  these 
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Reports,  tbo  tiicah  specific  ^raWty  of  cold  hlnat  iron  ts  neaiU 
7.091.  that  of  hot  blaAt,  7.021. 

263.  ilr.  Fairbaira  concludes  his  Report  with  Iheac  ob»cr 
vatioiiB,  as  the  results  of  tbo  iiivcFliiptiuDB  of  hiiuevlf  and 
Mr.  II<K]);kiiLBun:  *'Tbe  ultimatum  of  our  iiiqiiirit^,  maik  ic 
this  Mmv,  stands,  tliercf<rro,  in  tbo  ratio  of  fttreiic^h,  1000  fui 
tbo  cold!  blast,  to  1024.8  for  the  hot  blast;  leaniig  tlio  smal] 
fmctiitiial  diffiMXMicf  of  24.8  in  fftvor  of  tlio  hot  bliwl." 

"Tim  relative  powers  to  euetain  impact,  are  likewise  in 
favor  of  the  hot  blast,  beinc  in  the  ratio  of  lOOO  to  13-20.3." 

264.  Wrought  Iron.  The  uolor,  lustre,  and  texture  of  a 
recent  fracture,  prewnt,  alao,  the  most  certain  iiidications  of 
tbo  quality  of  wr>ju<rht  iron.  The  fracture  submitted  to  ex- 
amiiiiiliuti,  should  Ih^  of  bars  at  lea^^t  one  indh  Honare  ;  or.  If 
of  dat  t>ui-a,  they  Bhniild  be  at  leoat  half  an  inch  thick  ;  oOier- 
wise,  the  texture  will  lie  so  greatly  changed,  ansiiiK  from  tUe 
greater  eloii^i^tion  of  the  Jibi-es,  in  bars  of  HinnUer  (iiineuuiinifl, 
aa  U)  present  none  of  those  distinctive  differeuoos  observable 
in  the  fracture  of  lar^  bars. 

265.  The  surface  of  a  recent  fracture  of  ^X)d  iron,  presents 
a  clear  gray  tsolor,  and  high  metallic  lufttn- ;  the  toxtui-e  h 
granular,  and  the  grains  have  an  elan<;ated  8ha})i',  and  are 
pointed  and  Blightly  crooked  at  tlnMr  ends,  giviiijj;  the  idea  uf 
a  powerful  furce  having  been  employed  to  pnxlui'c  the  frac- 
ture. When  u  bar,  presenting  these  ap[>earance»,  is  ham- 
mered, or  drawn  out  mto  small  bars,  the  surface  of  fracture 
of  tliese  UiP9  will  have  a  very  marked  fibrous  appearance,  the 
lilamentfi  being  of  a  white  color  and  very  elongalod. 

266.  AVbon  the  texture  is  either  laminated,  or  crystalline,  it 
is  an  indication  of  some  defect  in  the  metal,  arising  either 
from  the  mi.\ttire  of  fr>rcign  ingredients,  or  else  from  some 
nogh^'C  in  the  process  of  forging. 

267.  Burnt  iron  is  of  a  clear  gray  color,  with  a  slight 
shade  of  bine,  and  of  a  alaty  texture.     It  is  soft  and  brittle. 

268.  Cold  abort  iron,  or  iron  that  cannot  be  hammered 
when  cold  witltuut  breaking,  presents  nearly  the  same  ap{ 
ance  as  burnt  iron,  but  its  color  inclines  to  white.     It  is  veri 
hard  and  brittle. 

269.  Hot  short  iron,  or  that  which  breaks  under  tlte  ham- 
mer when  heated,  id  of  a  dark  color  without  lustre.  This  de- 
fect is  usually  indicated  in  the  bar  by  nnmei'ons  cracks  on  the 
edges. 

270.  Tlie  fibrous  texture,  which  is  developed  oidy  in  small 
bars  by  hammering,  is  an  inherent  quality  of  good  iron  ; 
Uioftc  varieties  which  are  not  susceptibfo  of  receiving  this  p& 
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ciiliar  tuxltire,  are  of  an  inferior  qimHty,  aiid  slioiild  never  be 
ULSod  for  purpoecs  requiring  ^rcat  strength :  tiie  tiU.meiiU  of 
bad  varietiee  are  short,  and  the  fracture  is  of  a  deep  color,  bd> 
twecn  lead  gray  and  dark  gray. 

21L  The"  be^  vroneht  iron  presents  two  varieties ;  tho 
H'trd  and  the  Soft.  The  hard  variety  is  verj  strong  and 
<luciile.  It  preserves  its  granular  texture  a  long  time  under 
liiK  action  of  the  hammer,  and  develops  only  the  fibrous 
texture  when  beaten,  or  drawn  out  into  small  rods:  its  lila- 
mentfl  then  present  a  silver-white  appearance. 

27Si.  Tlie  soft  variety  is  weaker  tiiau  the  hard ;  it  vields 
easily  to  the  liainmer;  and  it  cnmmences  to  exhibit,  under  its 
action,  the  fibrous  texture  in  tolerably  lai^  bars.  The  coloi 
of  the  fibres  is  bct^vcen  a  silver  white  and  light jerfty. 

2^3.  Iron  may  be  naturally  of  a  good  qnanty,  and  etill, 
from  being  badly  refined,  not  present  the  appearances  which 
are  regarded  as  sure  hidieations  of  its  excellence.  Among 
the  defects  arising  from  tliis  cause  ai-o  blUterSj  jUitca,  and 
cinder-AoUi.  Generally,  however,  if  the  surface  of  fracture 
preeeuts  a  texture  partly  crystalline  and  partly  fibrons,  or  a 
tine  granular  texture,  in  which  some  of  tho  grains  seem 
pointed  and  eroc^ked  at  the  points,  together  with  a  light  gray 
color  without  lustre,  it  will  indicate  natural  good  qualities, 
which  require  only  careful  refining  to  be  fully  developed. 

214,  Tlio  fitrengtli  of  wrought  iron  is  very  variable,  as  it 
depends  not  only  on  tho  natural  qnalitiea  of"  tho  meral,  but 
also  ui>on  the  care  Irestowed  in  forging,  and  the  greater  or  less 
coinpresi^ion  of  its  fibres,  when  drawn  or  hammered  into  bai'S 
of  different  sizes. 

210.  In  die  Keport  made  by  the  sub-committee,  Messrs. 
Johufiou  and  Reeves,  on  the  slreugth  of  Holler  Iron  {Journal 
of  J'ratiliin  IiiKtitute,  vol.  20,  iVew  i9ftTt(«),  it  is  stated  that 
iJie  foUowuig  ortlcr  of  superiority  obtains  among  the  different 
kinds  of  pig  metal,  witli  respect  to  the  malleable  iron  which 
they  fumigli: — 1  Lively  gray  j  2  Whiu  ;  3  Mottled  gray  f 
t  Dead  may  ;  5  Mixed  inetaU. 

The  lieport  states,  •*  So  for  as  these  experiinenta  may  be 
uonsidei-ed  decisive  of  the  question,  thoy  favor  the  Hgnter 
cnuplcxion  of  the  cast  metal,  in  preference  to  the  darker  and 
niottled  vai-ieties;  and  they  place  tho  mixture  of  different 
eorts  among  tho  worst  moclitic-attons  of  tlio  material  to  be 
used,  where  tlie  object  is  mere  tenacity." 

276.  Tlieso  experiments  also  show  that  piling  iron  of  dif- 
fcivnt  degrx-cs  of  fineneai  in  the  same  plate  is  injurious  to  its 
quality,  owing  to  the  consequent  inequality  of  the  welding. 
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Q.TJ.  From  thcsa  experiments,  iha  moan  spociiic  giA^i^  oJ 
boiler  iron  U  7.7.144,  and  <'f  bar  iron,  7.7254. 

278.  Durability  of  Iron.  The  durability  of  iron,  nndci 
the  different  cir<!ninfitaiicoB  of  exposure  to  wbicb  it  may  be 
submitted,  tippenda  on  the  manner  in  which  tlie  casting  may 
have  been  niiide  ;  the  bulk  of  tlio  piece  empluycd  ;  the  more 
or  less  honioj^eneousneeB  of  tlie  mass ;  its  dciiait)*  and  hard- 
neas. 

278.  Among  the  moet  recent  and  able  researches  npon  the 
action  of  the  ordinary  corrosive  aj^iite  un  iron,  and  tlie  ure- 
Borvaiive  means  to  be  employed  againAt  tlicm,  those  of  Mr, 
Mallet,  given  in  tlic  Kc-port  alrcadv  mentioned,  hold  the  liret 
nuik.  A  brief  rfH.-&piliilHtiun  of  tlie  mxt  prominent  conclu- 
fiione  at  which  ho  haa  arrived,  is  all  that  can  be  attempted  in 
this  place. 

280.  When  iron  is  only  j)artly  immersed  in  vator,  or 
wholly  immersed  in  water  c<:>mpoeed  of  strata  of  different 
densities,  like  tliat  of  tidal  rivcrSj  a  voltaic  pile  of  one  eolid 
and  two  fluid  bodieis  is  formed,  which  causes  a  moro  rapid 
oiirrosion  than  when  the  liquid  is  of  uniform  density. 

281.  The  corrosive  action  of  the  foul  sen  water  of  docks  ttiid 
harbors  is  far  more  powerful  than  that  of  clear  sea  or  frwh 
watt-r,  owing  to  the  action  of  tlie  hydrofliilphiiric  auid  whicli, 
being  discEigagod  from  the  mud,  impregnates  Uie  water,  and 
acta  on  the  iron. 

282.  in  clear  fresh  rirer  water,  tiio  corrosive  action  is  Icee 
tlian  under  any  otlier  circumstancL's  of  immersion  ;  owing  to 
the  absence  of  corrosive  agents,  and  the  firm  ndhemnco  of  the 
oxide  formed,  which  presetite  a  bard  coat  that  is  not  wa«lied 
off  as  in  sea  water. 

283.  lu  clear  sea  water,  tlie  rate  of  corrosion  of  iron  bars, 
<Mie  inch  thick,  is  from  3  to  4  tentlia  of  an  inch  for  cast  iron 
in  ft  century,  and  about  6  tenths  of  an  inch  for  wrought 
iron. 

284.  Wrought  Iron  corrodes  more  rapidly  in  hot  sea  water 
than  under  any  otlier  circuni stances  of  immersion. 

285.  Tiio  sanie  iron  when  chill  i-iasl  corrodes  more  rapidly 
than  when  cast  in  green  sand;  this  arises  from  the  chilled 
surface  being  less  unifonn,  and  therefore  forming  voltaic 
couples  of  ii-ou  of  different  densities,  by  which  the  rapidity 
of  corrosion  is  increased. 

288.  Castings  made  in  dry  sand  and  loam  are  more  durable 
onder  water  than  those  made  in  green  sand. 

287.  Thin  liars  of  imn  corrode  more  rapidly  tlisn  those  of 
more  bulk.     This  difference  in  the  rate  of  corrosiuu  la  more 
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BtriVinK  in  Ihe  stft,  or  ^rapJiitw  BpecimenB  of  cast  iron,  thin 
in  the  hard  and  silvery.  It  ie  caused  hy  the  more  rapid  rate 
of  cooling  in  tbin  thau  in  thick  I>are,  bv  which  the  duiieitv  «f 
ihu  Biirface  i>f  tlio  fumier  l>ecfUiiC8  less  iiiiifnnn.  Tnese 
caii&es  of  de^tntctibiliiy  may,  in  some  decree,  he  obviated  iu 
'jastings  ciHup'Kcd  of  ribbed  pieces,  by  oiakiiig  the  ribs  of 
e<jua1  tliickiieia  witli  t}ie  main  pieces,  aiid  causing  tiiem  to  bo 
cooled  ill  tho  sand,  licforc  stripping  the  moulds 

288.  The  hard  cruet  of  cast  iron  promotes  its  durability; 
when  tliis  is  removed  to  the  depth  of  one-fourth  of  an  inch, 
the  ir«)ri  oornxles  more  raj>idly  in  botli  air  and  water. 

389.  Corrosion  takes  place  the  lees  rapidly  in  any  variety 
of  iron,  iii  proportion  at>  it  is  more  hoiiiui;eneou6,  deiuer, 
harder,  and  clcj^r  gi-ained,  and  the  leaa  graphitic. 

290.  Preaervutlves  of  Iron. — Tlie  more  ordinary-  means 
iiaed  to  protect  iron  against  the  action  of  corrosive  agents,  con- 
sist of  paints  and  varnihhe&.  TIichc,  under  the  usual  circnm- 
etanceeof  atmospheric  exposure  are  of  but  flight  cllictu^y,aud 
require  to  be  Ircqiienth"  renewed.  In  water,  they  arc  all 
rapidly  destmved,  with  the  exception  of  boiled  coal-tar,  which 
uTien  laid  on  hot  iron,  leavee  a  bright  and  solid  vaniifib  o£ 
considerable  durabilitj-  and  protective  power. 

281.  The  rapidlv  iucrcaaing  purpoees  to  which  irtm  has 
been  applied,  within  the  last  kw  vcars,  has  led  to  researches 
upon  the  agency  of  eUctro-chemtcal  action,  m  a  means  of 
protecting  it  from  corrosion,  both  in  air  and  water.  Among 
the  procffises  resorted  to  for  tliis  jmrjKwo,  tliat  of  z!-7il'ing,  or 
as  it  i&  more  commonly  known,  ^alvaniiing  imn  hax  been 
most  generally  introduced.  The  experiments  of  Mr.  Mallet, 
ou  tliis  pRKwes,  are  decidedly  iipiiiiHt  zinc  ab  u  permanent 
electro-ehemiea)  proleetor.  Ntr.  Mallet  states,  as  the  result  of 
his  obfienrations,  that  zinc  applied  iu  fu&ion,  in  tlie  ordinarjr 
naoiier.  over  the  wliolo  aurtace  of  inm,  will  not  preserve  it 
longer  than  about  two  years ;  and  that,  mt  soon  as  cj\idutton 
commences  at  any  point  of  Ihe  iron,  tho  protective  power  of 
the  zinc  beconicft  considerably  diminished,  or  even  entirely 
Dull.  yiv.  Mallet  concludes:  "On  the  whole,  it  may  be 
aflirmed  that,  under  all  circuni stances,  zinc  has  not  yet  ueen 
■0  applied  to  inm,  as  to  rank  as  an  electrochemical  protector 

jwai-ds  it  in  the  strict  senfe ;  hitherto  it  has   not  become 
I  preventive,  hut  merely  a  more  (>r  legs  effective  |>alliative  to 
'destruction." 

282.  In  extending  his  researches  on  this  subject,  with 
alloys  of  co)i[)er  and  zinc,  and  uopper  and  tin,  Mr.  Mallet 
foand  that  the  alloys  of  tho  last  metals  accelerate  the  coi-ro- 
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■Ion  of  IroOf  when  volulcal'y  associated  with  it  in  sea  wator ; 
Aid  thmi  an  alloy  of  the  two  first,  repreiieiited  hy  S3Zn  r 
ftCtf,  in  etmtHft  with  imTi.  protct-t^  it  us  fully  as  zinc  alon^ 
and  Niifioni  hut  little  lustt  fn>iii  the  olcutm-cucniical  action ; 
rlifj*  hrt^itcnring  a  protective  energy  more  permanent  and  in- 
variarilo  than  that  of  zinc,  and  giving  a  nearer  appn^'xiina- 
tion  to  tJio  solution  of  the  problem,  "  to  obtain  a  mode  of 
etectro^hemical  protection  Rncb,  that  while  the  iron  diall  be 
praerred  the  protector  sliall  not  be  acted  on,  and  whuM  pro- 
tection shall  be  invariable." 

299.  In  tiie  course  of  liis  experiments,  Mr.  Mallet  aecer* 
tained  that  the  softest  gra^  cast  iron  bears  snch  a  voltftii 
relatiun  to  hard  bright  cast  imn,  when  immersed  in  sea  wati 
and  voltaically  ai^ifciated  irith  it^  tbat  although  oxidation 
will  not  be  prevented  on  either,  it  will  still  be  grcatljr  retard- 
ed, on  the  hard,  at  the  oxpeoee  of  the  snft  iron. 

Sfi4.  In  ectnclnding  the  details  of  his  important  reaearchoa 
on  this  Ruhject,  Mr.  Mallet  makes  the  fallowing  jndidoiu 
remarks:  *'Xhc  engineer  of  obi^rrant  habit  wills^jiin  hitve 
[)orct>ived.  that  in  exposed  works  in  iron,  eqnalit}'  of  section 
or  scantling,  in  all  parts  enstaining  eqoal  strain,  is  far 
inaurit^  etituU  pa^ve  power  of  pennanent  resistance^  anloi^ 
in  addition  to  a  general  alluwaiice  for  Iubs  of  sulKtance  bv 
corrosiiin,  this  latter  clement  be  so  prorided  for,  that  it  shaU,, 
bo  Muallr  balanced  over  the  whcHe  structare:  or,  if  n 
■hatl  w.  comi>eUed  to  confine  itKlf  to  purtioiu  or  tfaa  ^oiei 
stmctTire,  which  inay  lose  sabstanoe  wilboot  injnnng  its 
eubtiitj." 

"The  principle*  we  have  abvadr  <«t«Miahiwi  raffideotW 
mide  OB  m  the  modes  of  effectixu;  tlua ;  regard  mmt  not  oimh 
DO  had  to  the  contact  of  disnnular  inHtala,  or  of  tha  lune  w 
dissimilar  duids,  but  to  tbe  scantling  of  the  casting  and  of  ita 
{tarts,  and  lu  the  oontact  of  cast  iron  with  wmnght  irun  or 
Aleci,  or  nf  one  eort  of  cast  iron  with  another.  Thna,  in  a  sua* 
pension  bridge,  if  tike  tinka  of  tbe  cfaaine  be  baimiwred,  and 
the  pinj  rolled,  the  Utter,  where  eqeally  exposed,  will  be  eat- 
en awa^r  long  befote  the  former.  In  marme  steaiD^ioOefi^  tbe 
rirets  are  bardeaed  bj  hemmenng  nntU  cold;  the  platei^ 
thorefne,  ue  corroded  lihxoa^  lonnd  the  rivesi  befiore  dien 
have  suffered  saiaiblr ;  afwl  m  tbe  airpomp  and  ecedeneefs 
i>f  engines  woridne  with  sea  water,  or  in  pit  mxk,  and  poi^a 
lifting  mineralijsea  or  'bad'  water  from  muiea,  tbe  caat  iron 

Iierishes  first  roand  tbe  holea  tbroi^  wUdi  wruagbt  iroa 
H>tt«,  4^-c~.  are  inserted.  And  ^randent  ocfaer  *»^«"—  si^:fat 
bo  giTcn,  showing  that  dw  eCeeti  Imm  ap6kam  of  in  in  praa 
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tinal  operation  to  an  extent  that  should  pitiee  the  meaoa  of 
(xmjitenictiiig'  thorn  mi  the  attoiition  of  the  engineer." 

295.  Since  Mr.  Mallet's  Report  to  the  liritialx  Association, 
he  ha*  invented  two  proceeees  for  the  protection  of  iron  from 
the  action  of  the  atmoephere  and  of  water ;  the  one  by  meaua 
of  B  uiiating  foniied  of  a  triple  alloy  of  zinc,  mercury,  and 

jjAodiam,  or  potassinm ;  the  other  by  an  amalgam  of  palladium 

|nnd  mercury. 

286.  The  t1i-8t  process  eoiisiBta  of  formincr  an  alloy  of  the 
metalfl  ufied,  in  the  following  manner.  To  1,292  part«of  zinc 
by  weight,  in  a  btate  of  fusion,  2i)2  parla  of  mercury  are  add- 
ed, and  the  nietaie  are  well  mixed,  by  Btirriuff  with  a  rod  of 
dry  wood,  or  otie  of  iron  ocAted  with  clay ;  Bodium,  or  potas 
aium  is  next  added,  in  small  quantities  at  a  time,  in  the  pro 
portion  of  one  pnmid  to  every  ton  by  weiffht  of  the  other  two 
metale.  The  iron  to  he  coated  with  this  alloy  is  first  cleared 
of  all  adherini;  oxide,  by  immersing  it  in  a  warm  dilute  so- 
lution of  aulphuric,  or  of  hydroehlorio  acid,  washin^r  it  in 
clear  cold  water,  and  detaching  all  ecale«,  by  Btriklng  it  with 
iL  liammer  ;  it  is  then  scoured  clean  by  the  hand  with  sand,  or 
emen*,  mider  a  small  stream  of  water,  until  a  bright  metallic 
In&tro  is  obtained;  while  fitill  wet,  it  is  immersed  iu  a  batk 
fonned  of  equal  parts  of  the  cold  saturated  solutions  of  chlo- 

iride  of  zinc  and  sal-ammoniac,  to  which  as  much  more  solid  eal 
Ammoniac  is  added  an  the  solution  will  take  up.  Tlio  intu  is 
altitwcd  to  i-emain  In  this  bath  until  it  is  i^overed  by  minute 

t  bubbles  of  eaa  ;  it  is  then  taken  out,  allowed  to  drain  a  few 
seconds,  and  plunged  into  the  fu&ed  alloy,  from  which  it  is 
witlidmwn  BO  soon  as  it  baa  at^quircd  the  same  temperature. 
When  taken  fnmi  the  metallic  bath,  the  iron  should  be  plung- 
ed in  cold  water  and  well  washed. 

297.  Care  must  be  taken  that  the  iron  be  not  kept  too  long 
in  the  metallic  bath,  otherwise  it  may  be  fused,  owing  to  the 

.great  affinity  of  the  alloy  for  iron.     At  the  proper  fusing 

[temperature  of  the  alloy,  about  680°  Falir.,  it  will  diss«tlvo 

[plates  of  iron  one-eighth  of  an  inch  thick  in  a  few  seconds; 
oo  this  account,  whenever  small  articles  of  iron  have  to  be  pro- 
tected, the  afliuity  of  (he  alloy  fur  iron  should  be  satisfied,  by 
fusing  sume  iron  in  it  liefore  immei'sing  that  to  be  coated. 

2Bo.  The  oclicr  process,  wliich  has  been  termed  jtailadiumis' 
%nff,  consists  in  coating  the  iron,  prepared  as  in  the  fir&t  pro- 
oeRS  fur  the  reception  of  tlie  metallic  coal,  with  an  anmlgam 
of  palladium  and  mercury. 

289.  Corru{;ated  Iron! — This  term  is  applied  to  sheet  iron 
prepared  by  being  moulded,  and  having  the  plane  surface 
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brolten  l»r  longitudinal  or  sectional  ridges,  for  the  purpose  ol 
piviiii,'  liie  sheet  f^rcnt  BtifFnees  and  strenj^tb.  Girrti^rated  ipin 
IB  used  ]»niK-i|)ally  forn:>ufinjf,  and  somotimeftin  place  of  hriuk 
fur  fi.rmiiig  the  arebes  between  the  iron  beams  in  fire-proof 
fttrncture?.  j 

800.  Steel- — The  name  «i^h  jjivento  a  componnd  of  troi]fl 
and  uu-Uoti,  in  which  the  amount  of  iron  is  usually  not  leiM^ 
tlmn  97  per  cent     \\^ere  the  amount  of  carlxm  is  less  than 
.0065,  the  conijxtnnd  i*  termed  Hetly  irwi ;  when  more  than 
l.S  the  conipumid  is  cast  iron. 

Steel,  like  imn,  is  seldom  puro,  containing  other  substancce, 
of  wbicli  sulphur  and  silioon  are  the  most  common. 

Tlie  different  kinds  of  Bteel  are  named  either  from  the 
modes  of  mAnufactiire,  or  their  api^arance,  or  from  eome  con^ 
stitucntf  or  from  enme  inventors  process.  Thus  wo  hav« 
natural  steels  obtained  directly  from  the  ores  and  k-arin^ 
moRtly  liital  names ;  blistered,  shear,  tilted  and  crucible  or 
cast  steel ;  Woolz  or  Damask  steel ;  Be^emcr's  and  Martin'^ 
Bteel ;  timgatein,  chromiuTn.  and  titanium  steel.  1 

TIhwo   varieties  are  obtained  by  vnriims  proces^res.     Thug 
wehavethe puUdlinf/ prtweM  by  which  the  irarietiesof  natnnil, 
eteel  are  Diaue ;  thcc«montativc  proRess;  tho  Marttn-Siemei 
prooeas ;  tho  Bessemer  process,  &c. 

The  average  specific  gravity  of  natural  steels  is  7.5 ; 
tilted  steel  l.i);  cast  steS  7.8;  Bessemer  steel  from  7.79  to' 
7.ft7;  chn>mium  steel  fmin  781  to  7.8S. 

Tlie  chromium  st-oflt  is  said  to  posfieaa  the  greatest  tensilo 
strcut^tl) ;  and  amuug  those  more  abundantly  manufact 
tiie  iKeaemer  still  ranks  highest  in  this  respect. 


OOPFEB. 

30L  The  most  ordinary  and  useful  application  of  this 
metal  in  (instructions,  is  that  of  sheet  copper,  which  »  need 
for  roof  cuverings,  and  like  purposes.  Its  dunibility  nndor 
tlio  ordinary  (^liaiigee  of  atniuefpliere  is  very  great.  Sheet  c«p 
per,  when  quite  thin,  is  apt  to  l>e  defective,  fmm  cntckfl  ari- 
aing  from  the  process  or  drawing  it  out.  Tliese"  may  be 
remedied,  when  sheet  oopper  is  to  be  used  for  a  water-light' 
alieathing,  by  tiuTiiiig  the  slieetaon  onoside.  Sheets  prepared 
iu  this  way  have  l>een  found  to  be  very  durable. 

The  alloys  of  copjwr  and  zinc,  known  under  the  name  oi 
hrass,  and  tliose  of  copper  and  tin,  kiiouni  as  hronze^  ijw 
fuid  b^metitly  are,  in  aonie  cases,  substituted  for  iroDj  owinffi 
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t'  *helT  snporior  hftrdnosa  to  copper,  and  being  less  roadilv 
o-*d]xed  tliui  iron. 


SEmo. 

302.  This  metal  is  need  mostly  in  the  fonn  of  sheets ;  and 
fur  wat'.T-ti^ht  elieathJTijrs  it  has  ncarlv  displaced  cverv  other 
liiiui  of  shoot  tnotiil.  Tho  pure  metallic  surfuoo  of  zuic  soon 
IwcoTnee  covered  with  a  ver\'  thin,  hard,  transparent  oxide, 
"vhich  is  nncban;^able  both  in  air  and  water,  and  preser\e« 
t;h<!  metal  benoatli  it  from  farther  oxidation.  It  is  tJiis  prip- 
©rty  of  tho  oxide  of  zinc,  which  renders  this  metal  so  valua- 
l>Io  for  sheathing  unrposca;  but  ita  durability  is  dependent 
Ti|>on  lie  not  lyeing  brought  into  contact  with  imn  in  tne  pres- 
&IVJ3  uf  moisture,  aa  tlie  gjilvanic  action  which  wonid  ihon 
eiisne.  would  eaov  destnn'  tlie  zinc.  On  the  same  account 
Kinc  ahonld  1«  pcrfrt-lly  tree  fn>m  the  preaciicc  of  imn,  as  a 
very  small  ipiaiitity  of  the  oxide  of  this  last  metal,  when  con- 
tained in  zinc,  is  fonnd  to  occasion  its  rapid  destruction. 

Beeidee  the  allu\'8  of  zinc  already  mentioned,  this  metal 
«ftlloye<l  with  copper  forms  one  of  the  most  nficfnl  nnhle-rs;  and 
its  alloy  with  lend  has  been  proposed  as  a  cramping  metal  for 
^K  \iiiitini;  the  parts  of  iron  work  together,  or  iron  work  to  other 
^^k  materials,  in  the  place  of  lead,  which  is  iisnally  employed  for 
^H  tJn:^  pttr]rrts<>,  but  which  accelerates  tho  destruction  of  iron  in 
^H    contact  with  iL 
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803.  Tlie  raoet  osefnl  application  of  tin  is  as  a  coating  for 
_  licet  in>n,  or  sheet  copper:  the  alhiy  which  it  forms,  in  this 
"way,  npon  the  surfaces  of  the  metals  in  question,  preserves 

Ihera  for  some  time  from  oxidatiuu.    Alloyed  with  lead  it 

furuis  one  of  t)ic  most  useful  soldciB. 
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304.  Lead  in  sheotct  forms  a  very  good  and  durable  roof 
i^'  I'Ot  it  is  inferior  to  botli  copper  and  zinc  in  tenacity 

!i  .  .ility ;  aiul  is  very  apt  to  tear  asunder  on  inclined 

mrfaouiT,  [wirticularly  if  omxTcd  with  other  materials,  as  in 
tlio  cue  of  the  ^'apping  of  water-tight  arches. 
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305.  Paintt  are  mixtaree  of  certain  fixed  and  volatile  oilS) 
liicflr  thoee  of  linseed  and  turpentine,  with  sereral  of  the 

'metallic  8alt«  and  oxidce,  and  oilier  Bubetancee  which  are  used 
either  aa  plvniciita,  or  to  give  what  ia  leriiied  a  hod^  to  the 
paint,  and  aUo  to  improve  its  drj-ing  properties. 

306.  Paints  are  mainly  need  as  protective  aeeats  to  lecare 
wofxi  and  metals  fmin  the  destnictive  action  of  air  and  water. 
Thta  tliey  bnt  imporfectK  effect,  owing  to  the  uiintable  nature 
of  the  oils  that  enter  into  their  compoeidon,  which  are  not 
only  destroyed  by  the  very  agents  arauut  which  they  arc  nwd 
as  protectors,  but  by  the  chemical  raianges  which  reealt  from 
rbo  action  of  the  elements  of  the  oil  npon  the  metallic  salta 
and  oxides. 

307.  Paintfl  are  more  durable  in  air  tlian  id  water.  In  the 
latter  element,  vbether  fresh  or  salt,  particularly  if  foul, 
paints  arc  noon  destroyed  by  the  chemical  changes  which  take 
place,  both  from  the  action  of  the  water  upon  the  oila,  and 
tliat  of  the  hydnisuluhuric  acid  contwned  in  foal  water  upon 
the  metallic  salts  and  oxidea. 

308.  Ilowerer  carefully  made  or  applied,  paints  soon  be- 
come permeable  to  water,  owixif  to  the  very  minate  pores 
which  ariM3  from  the  chemical  cnan£«e  in  tlieir  constitaenla. 
These  changee  will  have  bnt  little  i^uence  optHi  the  preser* 
Tatire  actiou  of  painta  upon  wood  exposed  to  the  effects  of 
the  atmosphere,  provided  the  w»jd  be  well  eeasoned  before 
the  paint  u  applied,  and  that  the  latter  be  renewed  at  soitable 
tnterrala  of  tune.  On  metala  these  changes  have  a  ver)-  im- 
portant bearii^.  The  permeability  of  tiie  paint  to  mutstnre 
canaoa  the  aoruioe  of  the  metal  under  it  to  nut,  and  this  caase 
of  destruction  is,  in  most  eases,  promoted  by  the  clisnual 
cfauces  which  the  paint  ondergoes. 

300.  YamisileB  are  solntions  of  Tarioos  rennous  sahetances 
in  lolTents  whidt  possess  the  property  of  diyins  rapidly 
Ther  are  used  for  the  same  porposes  as  paints,  and  nave  gen 
eraify  the  same  defects. 

310.  The  following  are  some  of  the  more  nsoal  composi 
lionB  of  paints  and  vamishfli. 
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W^iU  Paint  (/or  apoud  leood). 

White  Isad,  nmad  m  oil BO 

BoUedoU. fl 

Bkwoa S 

SpiriU  tarpenttDB 4 

The  white  lead  to  be  gronnd  in  the  oil,  and  Oie  spirits  9I 
turpentine  added. 

Unp-bbwk. 28 

Ziiurg«- •••• 1 

Japan  ?anuab 1 

Lionad  oLL,  booled 78 

Spirit!  torpeotiiM 1 

LudOobir. 

Wkitfllead.  pwukdin  oQ 7S 

lAmp- black.  ......•■i(>»>,.. .••••.•■•.•••.••■•. •■..•■••     1 

BoiM  linaeed  oil , SS 

Lithai^ OlS 

JapaaTuniBh OiS 

Spirita  turpentine 8.S 

Orat/,  or  Stotu  Onbr  (for  buOdinff)). 

Whit*  laad  gnnuid  in  oil 78 

BaOodoU. 9.5 

Baw  Ml 9.5 

SpixiU  of  tazpaatiiiiiO.... (,............ ....■...■■■. 8 

ISitkey  tun  ber. O.fi 

Iiamp-blaok. 0.88 

LaeJtenfor  Oattivn. 

1.  oBUck  lead,  polvdrixed. 12 

Bad  load. 18 

Libbaigc 6 

Lanp-blacfc. 6 

UmeMloiL 68 

I. -Aati-oon-odoD. „ 4U  Ibk 

Ofaat**  black.  gTonad  hi  oQ 4  " 

Oadlaad,  atadrj-w ,...    8  " 

tAMpadon- 4  gala. 

SpMta  tiirp«QtifB« , 1  ptci 

Copal  Vamith. 

Oom  oopal  (io  clean lompi) .•....*.•••>....  M.0 

BoD«d  ltiiM)«d  oiL 48.8 

SpiriU  Corpeittine 81 

Jiqxnt  Vami$K 

Lithju^. ...  ,  ,4 

Boiled  oO '..,.'.'....  '.'.".'..  87 

Bpiriu  tmpaadn*, ■■>...•..... 8 

Bad  lead. 8 

Umbec I 

Onmahellfto. 8 

Sogatof  laad.....,,,,.,... .....,,. t 

While  Titriol , 1 


in 

T  A  jtauuviu  ^turtii:  jr.uiia.  -.n.  rsA  3#trun-  ^aBCTigit  fcr  onift- 

lilMmMtlf  ^sidi&  ..      ,. ,. ft* 

jbcMa.    .       .  ,, ^-  ,      ftj 

Z«7!iiC«i-     ..--._ -  L# 

CtflMk- IE feiuMC  no&ni.   -. ...«« ,.__,_..  L^ 

3b.v,n^  -.C  '.i  'jir-^fsizhib  st  v.  i*  at^iufi  v-  ^^  miiitnxe  to 

^31,  x'rx:,  t^z^px-ssj'xjrse  suk^  It  ICr.  VaZftT. 'HL  die  pre- 

;;L  v».>r.  it  ae^v':u%  :i«£  tai'.>'.r.':di.i;ir  iij::^.  3»  ±e  be«  for 

212.  Vunicfa  for  Tanr-tod  Ifoo.     l£r.  IC&IIrrC  f^wr^oiEnezMie 

To  5v  ]•>*.  ^j>i  f'>^l^  ae5,lAlT-i:„  uiA^jtid  sjui  bockd  in  an 
if /n  ^<-»Jt*lr:  £'>»r  *.L«*r  -,*■  fv,r  ir>crt.  *ii  I'J  li&.  </£  red  kad 
said  lithirj;*:  gioui.'i  >>  &  £:*  >>*.irr.-.  ^  t*jua£  pr:ipoeti«>a3 
whb  I'J  ;;ile.  <vf  dr^  ::-z  litis***;  'xl,  »:,d  brtiig  ibe  wiifAe  to  a 
iijejiHv  UjVAl^  U'U.j^r-iaiz^.nr.  Mel:,  u^  »  «€oood  Teeeel,  S  Ib^ 
of  g-tiBi-auJu^r ;  w  whitj.  a*;d  i;  '^i-u  'A  djT'ing  lii;seed  oil  at 
a  b-^Jliiig  h<:*t.  w-ti*  \'l  Ibi.  of  <A..o:cii*y-<;  t-Artlailv  dlaeolred 
iii  ovul-tar  iiapLti.;a.  I'our  the  c/:.:e:.:«  •  i  die  dtcvad  reggel 
iuUj  the  fiw,  ajjd  boii  the  wL'lt  gtuiy.  uiitil  xhe  Tamich, 
when  UikiL'ij  up  between  two  ^pAtulac.  is  foand  to  be  ton^h 
and  T<j\fy.  ThU  compaeition,  wbeu  quite  c^ld.  i£  tobe  thinned 
down  for  UM:  with  fri>m  30  to  3i  gaU.  of  tpirits  of  tarpeutine, 
or  of  c^r^l  UHiAilliA. 

ZVi.  It  it^  reoinrnended  that  the  ii^^n  should  be  heated  be- 
fore recc'ivinff  thit  vaniu:h.  and  that  it  thuiild  be  applied  with 
a  i^ifatiila,  or  a  flexible  blip  of  bom,  instead  uf  the  ordinary 
hrutili. 

Wiioii  dry  and  hard,  it  is  stated  that  this  vamish  is  not 
acted  ujxyu  by  any  moderately  diluted  acid  or  alkah';  and, 
by  loijf^  iinmer»iou  in  water,  it  does  not  form  a  partially  sol- 
itlile  hyjrutc,  as  is  the  case  with  purely  resinous  vaniiahei 
and  oil  (saints.  It  can  with  difficulty  be  removed  by  a  sharp- 
(Kfinted  t^fol ;  and  is  so  elastic,  that  a  plate  of  iirn  oorered 
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with  it  may  be  beut  several  times  before  it  will  become  de- 

tadted. 

314.  Zoofagous  Paint.  To  100  Ibe.  of  a  mixturo  of  drv- 
ing  linseed  nil,  red  lead,  eiilpliate  of  barvte*,  and  a  little 
Bpirits  of  tiirpeiitiiit',  add  20  lbs.  of  the  oxvcliloride  of  copper, 
Slid  3  Ibe.  of  vcllow  sonp  aud  ci^niiiiuu  rwiiij  In  equal  propuiv 
tions,  with  a  little  water. 

■When  zincked  iron  ia  exposed  to  the  atmoepbere  alone,  the 
TBmisb  is  a  siiftick'tit  protection  for  it ;  but  when  it  h  ini- 
meised  in  ^^a  water,  and  it  is  dehiniblc,  as  in  iron  i^liips,  lo 
prevent  it  firmt  fouling,  by  inaiine  plants  and  aiiiuialA  altacli* 
nig  themselvci  tu  it,  t}ie  paint  ebouid  l>e  need,  on  account  of 
its  poisoninis  qualities.  The  paint  is  applied  over  the  varnish, 
and  is  allowed  to  lutrdcn  thi'ee  or  fotu-  days  before  immer- 
■ioD. 

315.  Methods  of  Preserving  Exposed  Surfkces  of  Stone. 
Paints  and  similar  means  of  preservation  fi'om  the  action  of 
the  weather  have  been  nsed  on  tjie  vxpofied  surface**  of  ma- 
sonry eompojMHl  uf  nmicrials  tliat  were  found  not  [n  with- 
etand  welt  tlu^  action  ;  besides  these,  pre]>arationB  of  the  alka- 
line silicates,  known  as  soluble  glaj«,  have  of  bile  been 
reeommonded  as  of  a  iimre  durable  eharacler  for  flile  purjiosc. 
These  solutions  are  applied  either  by  syringes  or  by  a  brush 
to  the  surface  uf  the  stone,  it  having  been  previously  cleansed 
of  all  extninous  matter.  Three  applications  on  tlirec  succes- 
sive days  are  said  to  be  sufficient  to  boi-dcn  and  presence  any 
6tone. 

Another  mode  of  effectiuf*  tJie  same  object  has  been  pix»- 
poved,  whieb  is  to  iien  two  solnliong  of  mineral  c^ubRtnncee 
which,  snccefieirely  applied  to  tlie  surface  of  the  stone,  shall 
form  an  insoluble  chemical  cotnponnd.  One  mctlnKl  proixw- 
ed  is  to  satnnite  the  stoiio  at  the  surface  with  a  weak  Sfilntion 
of  silicate  of  potash  or  soda,  on  whi<^  a  solution  of  chloride  of 
calcinm  or  barimn  is  applied.  From  this  an  insoluble  silicate 
of  lime  or  barium  ^\-ill  be  forme*!  in  the  pores  of  the  stone, 
which  will  render  it  weather-prfwf. 

Like  procesncii  have  been  used  for  dyeing  or  coloring  stone 
foi  certain  architectural  effocts.  For  this  purpose  some  of 
the  Bobiblc  sulphates  are  used  in  varioos  combinations^  accoid- 
ing  to  tho  color  to  be  obtained. 
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817.  All  w>lid  bodicfl.  vhcn  submitted  to  strains  by  which 
Bn,v  of  tht-so  proptTtiea  arc  dovclupcd,  have,  within  ccrttun 
]ittiil»>,  U-nncd  the  limt'tg  aj't'^i^ticdi/^  the  jiruiwrtv  of  wholly 
or  prirtially  ru6Umin<r  dicir  original  state,  when  tlie  etrain  is 
taken  off. 

818.  To  wliat  extent  Ixidicft  {kmmmb  the  property  of  total  re< 
coTGf^'  of  form,  when  relieved  from  a  strain,  is  still  a  matter 
of  dutiht.  It  has  been  geneiullr  aaBitmcd,  that  the  elasticity 
of  a  itial^rial  dtic«  not  iindt*rgi»  juTiiiain-iit  iiijiirv  by  any  elnun 
Ices  Uian  about  ono-thii-d  of  that  whitJi  would  cntlrelv  destroy 
ita  force  of  c4.ilie8ion,  thereby  causing  rupture.  But  from  the 
more  rw-onl  ex|>orinieuta  un  this  iKpJtit  made  hy  Mr.  Ilodgkiu- 
Bon  and  others  on  cast  iron,  it  aptHritin  that  the  n-atoring  ijuwer 
of  tliid  materia)  i^  destmved  hy  very  slight  strains ;  aiiu  it  is 
rendered  prohablo  that  tins  aud  mt»t  other  matoriala  receive 
a  pennanent  change  of  form,  or  set,  under  any  strain,  how- 
ever small. 

319.  The  extension,  or  contraction  of  a  solid,  may  be  effect- 
ed oiihcr  hy  a  forre  iictinv-  in  the  direction  in  whif;!)  the  con- 
traction or  elon^atiitn  taues  plate,  or  by  one  acHn£;  tranet- 
vorsoly,  so  as  to  bend  the  body.  Ex|)crinient8  have  been  made 
to  a8<Trlaiii,  directly,  the  proportion  between  the  amount  of 
contniction  or  elou'rntion,  and  the  forces  by  which  they  are 
prodncei3.  From  these  ex[>eriments,  it  results,  that  the  con- 
tructions  or  elongations  are,  \^-ithiu  certain  limit£,  proportional 
to  tJie  forcrcfl,  but  thai  an  equal  amount  of  contraction,  or  elon- 
gation w  not  prodnct'Kl  hv  tlic  same  amonnt  of  force.  From 
the  experiments  of  Mr.  "llodftkinson  and  M.  Duleau,  it  ap- 
pears that  in  vtml  and  mallt-able  iron  tlie  contraction  or  elon- 
gation caused  hy  the  same  amount  of  pressure  or  tension  1« 
nearly  equal ;  while  in  timber,  according  b*  Mr.  Uodgkiusou, 
tho  amount  of  contraction  is  about  four-fifths  of  the  elonga- 
tion for  the  same  force. 

320.  Whtn  a  &f>lid  of  any  of  the  materials  used  in  construc- 
tioTiB  h  acted  upon  by  a  force  so  as  to  pixKluee  deflection,  oi-j 
{wriment  has  shown  tlmt  tJie  fibres  towards  tJie  concave  sidt 
i<f  the  lK_'iit  M}lid  arc  contracted,  while  those  towards  the  i:on- 
vex  side  are  donated;  and  that,  between  the  tibrea  which 
ftre  contracted  and  tlii«c  which  are  elongated,  otliera  are  found 
which  have  not  undergone  any  change  of  length.  The  part 
of  the  solid  occupied  by  ttie.se  last  fibres  has  received  the  name 
of  the  neutral  hns  or  neutral  fxxi«, 

321.  The  h\'pnthcais  usually  adopted,  with  respect  to  tlifl 
ouroumstancee  attending  this  Kind  of  strain,  ii  that  the  con- 
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trutions  and  cIongatioiiB  of  tlio  fibres  on  oach  side  of  the  nen* 
trala-xiBare  urouortioiui.1  toUioir  ditiUiniM^ft-oin  this  line;  and 
that,  for  slight  dcflcctlona,  the  neutral  axis  paeacs  through  the 
centie  of  gravity  of  the  sectional  area,  r'rom  experimciita, 
however,  by  iIr.*Hodgkiuaun  and  Mr.  JRarlow,ou  bani  liaviiig 
s  rectangular  cr<:«&-&ccLion,  it  ai>]x;ai-i>  that  the  neutral  axis,  in 
forged  n-on  and  uaet  iron,  lice  nearer  to  tlie  ooneave  than  to 
Uie  convex  surface  of  the  bent  solid,  and,  probably,  shifts  its 
position  when  the  degree  of  deflectittn  is  ao  great  as  to  catise 
rupture.  In  timber,  according  to  Mr.  Ilarltiw,  the  nftutral 
axis  lies  nearest  to  the  convex  surface;  and,  from  his  experi- 
nn.'iits  on  polida  of  foiled  iron  and  timber  with  a  rectanirular 
Mctiuiial  figure,  \iv  jMiu-ee  the  neutral  axis  at  about  threO' 
eighths  of  tliQ  depth  of  the  section  from  the  convex  side  in 
timber,  and  between  one-third  and  une-fifth  of  the  depth  of 
tlie  soctidn  fi-om  tha  concave  side  in  foi-ged  iron. 

322.  When  the  strain  to  which  a,  solid  is  subjected  is  stif< 
ticieutly  great  to  deatix>y  the  cohesion  between  its  particles 
and  cause  rtintiii-e,  oxjieriniont  has  shown  tliat  tlie  force  pro- 
ducing this  crtect,  whether  it  act  by  tension,  so  as  to  draw  the 
fibres  asunder,  or  by  compression,  to  crush  thcm^  is  propor- 
tional to  the  sectional  aix'u  of  thcBuUd. 

323.  From  experiments  made  to  ascertain  the  circnmstan- 
oes  of  rnptnro  by  a  tensile  force,  it  appears  tiiat  the  solid  toiii 
apart  exhibits  a  surface  of  fracture  more  or  less  even,  accord- 
ing to  the  nature  of  the  material. 

324.  Most  of  tlie  experiments  on  the  reeistAuce  to  mpture 
by  conipregsion,  have  been  made  on  small  cubical  bK>ckg,  and 
have  given  a  meamn'oof  thie  reiiietance  greater  than  can  be 
depended  upon  in  practical  applic^ations,  when  the  height  of 
the  s-rlid  exceeds  tlirec  times  the  radiiu  of  its  bade.    Tliis 

Stint  has  been  very  fully  elucidated  in  the  experiments  of 
r.  Hodgkinson  upon  the  rupture  by  eompret^ion  of  solids 
with  circular  and  rectangular  bases.  These  experiments  go 
to  prove  that  the  circumstances  of  rupture,  and  ibe  resistance 
offered  by  the  f>(ilid,  \  ary  in  a  constant  manner  with  its  height, 
the  huAC  remaining  the  same.  In  ct>lnran8  of  cast  iron,  with 
circular  sectional  areas,  it  was  found  that  the  resistance  re- 
mained constant  for  a  height  less  tliaii  tJirco  times  tlic  i-adins 
of  the  base  ;  that,  fi-om  this  lieight  to  one  equal  to  six  times 
the  ntdiuB  of  the  base,  the  resistance  still  remained  c<>iiBtant, 
but  was  1e-B6  than  in  the  fonner  case  ;  and  that,  for  any  height 
greater  than  six  time?  The  radius  of  tlie  base,  tlie  reftistance 
decreased  with  the  height.  In  the  two  first  cases  the  solids 
were  found  to  yield  either  by  the  nppcr  portion  sliding  ofi 
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n)>on  tlie  lower,  in  tiie  direction  of  a  plane  making  a  con&tant 
aii^lo  witli  the  axis  uf  the  solid;  or  el&o  by  Boparatin^  into 
cunlcal  or  wedgo-Hliaped  blocks,  having  tlie  upper  and  luwei 
6urfnce«  of  tlie  solid  as  their  baseit,  the  angle  at  tho  ai>ex  be- 
tn<r  double  that  made  by  the  plane  and  axis  of  the  eolid. 
n  itli  regard  to  the  rceistanec,  it  was  found  that  thov  varied  in 
the  ratio  of  tlie  area  of  the  baaes  of  the  solida.  Where  the 
height  of  tho  solid  was  c;rGatcr  tlian  six  times  the  radins  of 
Uie  base,  nipluTO  gciieralTj*  lo<ik  pliiee  by  bending. 

3ft5.  From  experiments  by  Mr.  nfidgkinson,  on  wood  and 
other  substances,  it  would  appear  that  uke  circumatanecs  ac- 
conii>any  the  ruptnre  of  all  inftterials  by  eompresaion  ;  that  h, 
within  certain  limit*^,  they  all  vit;id  by  aji  obU<pie  iinrface  of 
fraetiire,  the  angle  of  which  with  the  axis  of  the  solid  is  con- 
atai]t  for  the  sanie  matcnal ;  and  that  tho  rcsiHtaiiuo  offered 
within  these  limits  are  proportional  to  the  areas  of    the 

bflJKS. 

826.  Among  tlie  most  hitcrccting  deductions  drawn  by  Mr. 
Hodgkinson,  from  tho  wide  range  of  his  cxponmontA  njKin  tho 
Strength  of  materials,  is  the  one  which  points  to  the  existeueo 
of  a  constant  relation  l>etween  the  reeistanoes  offered  by  ma- 
terials of  tho  same  kind  to  niplnrc  from  eompresaion,  tenijiou, 
and  a  transveree  strain.  The  following  TaW*  give*  tliese  re- 
lations, astiumiug  the  measure  of  the  crushing  ^ree  at  1000. 


DWcaoFnoii  or  lunmu. 


Timber , 

Cant  iron 

fitono 

GUm  (plM«  uid  orowii). 


Onuttlac  tDM*  ; 


lOOO 
lOUO 

1000 
1000 


Umit  iMidt*  tanm 


1D0O 
168 

100 
188 


uxl  1  &Mt  tons. 
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VTsssora  of  stonr, 

827  The  marked  difference  in  the  etmctnre  and  in  th« 
proportioiiB  of  the  comjwneut  elements  frequently  observed  in 
Btone  from  the  same  qunrn*  would  lead  to  tlio  conclusion 
that  corresponding  variations  would  bo  fonnd  in  the  strength 
<if  Btonea  belonging  to  the  same  class,  a  oonclusion  which  ex- 
perinipiit  lias  cunfinned.  The  experiments  made  by  different 
individual  on  this  fliihjeot^  from  not  having  hoen  conducted 
in  the  same  manner,  and  from  the  omission  in  moet  cases  of 
details  respecting  the  structnro  and  component  elements  of 
the  material  tried,  have,  in  some  instances,  led  to  contradic- 
tory results.  A  few  facts,  however,  of  a  general  i:tiaraeter, 
hare  been  ascertained,  which  may  serve  as  guides  in  ordinary 
cases;  but  in  important  slrnctures,  where  heavy  iircesnree  are 
to  be  bustained,  direct  experiment  is  the  only  sate  conrse  for 
the  engineer  to  follow,  in  selecting  a  material  from  untried 
qnarries. 

328.  Owing  to  tlie  ease  with  which  stones  generally  break 
under  a  jiercnsRive  force,  and  from  the  comparatively  slight 
resistance  they  offer  to  a  tensile  force  and  to  a  transverse 
strain,  they  are  seldom  submitted  in  structures  to  any  other 
strain  tJian  one  of  uumpression ;  and  cases  but  rarely  occnr 
where  this  Rtrain  is  not  greatly  beneath  that  which  the  better 
class  of  building  stones  can  sustain  perniancnlly,  withr>ut  ud- 
dei^ing  any  change  in  their  physical  propeities.  Where  the 
dttrabihty  oi  tbd  stone,  therefore,  is  well  ascertained,  it  may 
be  safely  used  without  a  resort  to  any  specific  experiment 
upon  its  strt-ngtli,  whenever,  in  its  structure  and  general  ap- 
jKairance.  it  resembles  a  material  of  the  same  class  known  to 
be  good. 

329.  The  following  table  exhibits  the  principal  reanlts  of 
experiments  made  by  Mr.  G.  Tiennie,  and  publiahed  in  the 
Pmiosophical  Transaction  of  1818.  The  stones  tried  were 
in  sinair  cubes,  measuring  one  and  a  half  inches  ou  the  edge. 
The  table  gives  the  pressure,  in  tons,  borne  by  each  suporficiaj 
inch  of  the  stone  at  tlie  moment  of  crushing. 
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CrVTL  XNOnrKEBINO. 


&K80VFTtOV  OF  STOKBa 


OraniUt. 

Absideaii,  (Nu«) 

Peterhead 

Oornw»U 

3andiUm«$. 

Dnndefl 

Do 

Derby  (rtd  and  friabte) 

Limsttonet. 

Marble  (whits-tmn^i  Itaiitm) ..   . . 

Do.     (leMte  BrabaiU) 

Umeriok  (Nack  eompaet) 

Deronahire  (red  marble) 

Portlaiid  itcHifl  ifine-graiMd  oolite). 


fTnirtlni  I'ulii 


4.A8 
8.70 
3.88 


8.96 

1.40 


4.8S 
4.11 
8.QS 
&81 

a.  04 


The  following  reaultsare  taken  from  aseriea  of  experiments 
made  under  the  direction  of  Messrs.  Bramah  &  Sons,  and 
published  in  Vol.  1,  Traruactions  of  the  Institution  of 
OwU  Engineers.  The  first  column  of  numbers  gives  the 
weights,  in  tons,  borne  by  each  superficial  inch  when  the 
stones  commenced  to  fracture ;  the  second  column  gives  the 
crushing  weight,  in  tons,  on  &e  same  surface. 


mscjuraox  of  stoml 


OraaUm. 

Seme,  ................... 

Aberdeen  (Mu«) 

Heytor 

Dartmoor 

Peterhead  {red) 

Peterhead  (Utu  gray) 

BanditOTiM. 

Torkshlm. 

Ccaigleith 

Hambio  .'. 

Whitby 


Atw.  Wright 

DfO- 

ATwiga  onuhlag 

ductus  fnotatM. 

wdght. 

4,77 

6.04 

4.13 

4.04 

8.94 

6.19 

8.fia 

5.48 

8.88 

4.88 

S.86 

4,86 

2.87 

8.94 

1.89 

3.97 

1.69 

2.06 

1.00 

1.06 

The  following  table  is  taken  from  one  published  in  Vol 


BTR£*;o-rn  of  sTorrK. 


Ill 


2^  Civil  Kn/finter  and  ArtMt>^r.^8  Journal^  which  forms  a 

iiart  of  the  Report  on  the  euhject  of  selecting  etone  for  the 
•lyw  Ilousee  ct  Pflrlinineiit.  The  specimens  submitted  to  ex- 
periment were  cubical  hlouka  uieaauring  two  inuhes  on  an 
edge. 


iirar«tmn!i  nv  wxtntt. 

SperilVe  gmTftj-. 

Weight      ptTdn- 
riuK  fraMnrv. 

Cniihinc  w'lliL 

Banditenet. 
Cmtgleith 

2.2S2 
S.flS^ 
2.220 
2.247 
2.388 

2.810 
2.147 
2.134 
2.138 

2.183 

2.145 
2.045 

S.OBO 
S.481 

s.aoo 

1.89 
2.75 
0.83 
I.M 
0.88 

2.31 

l.f« 
0.75 
0.32 

0.75 
0..'.6 
0.05 

o.oa 

0.60 
1,33 
0.00 

S.5 

8.1 

1.73 

3.21 

H>nH1^M     ,  .  ,    .                

1.64 

JfiyiMiAm  Idmatmm. 

8  7B 

I.VS 

1.73 

i.oa 

OoKtM. 

1.04 

006 

I  75 

1.18 

Xjnuftendf, 

07S 

8.19 

1.80 

The  nnmbers  of  tlie  first  colnmn  pive  the  specific  gra\'itie8 ; 
thiMie  in  llic  sooond  tohiinn  the  welfibt  in  tons  on  a  sqimre 
inch,  when  the  etoue  coinineneed  to  fracture ;  and  tho«o  in  the 
tliird  the  crusbiiig  wciglit  on  a  eqiiarc  incli. 

The  foHowint;  table  exhibits  the  results  of  experimenffi  on 
tlie  resistance  or  stone  to  a  tran^verug  strain^  m&ae  by  Colonel 
Pasle^',  on  prisma  4  inches  lon^,  the  cross  section  being  a 

Snare  of  *i  ni<;hcs  on  a  aide;  the  distance  between  the  poiiitB 
support  3  inches. 

330.  The  conductors  of  the  experiments  on  the  stone  for 
iJie  New  IIoDses  of  Parliament,  Messra.  Daniell  and  Wheat- 
Stone,  wild  alwt  made  a  iihemlcal  analysis  of  the  eroncs,  and 
applied  to  them  Brard's  process  for  testinjjr  their  resistance  to 
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otni.  KHuiNEEKnrd. 


1.  Kentuh  Bag 

8l  Torkibire  Luiditig 

8.  Oomiih  sTiulM.... 

4.  FortJand 

ft.  Gni^eith 

0.  Both 

7,  Well  bnnied  bricks, 

9.  IiLfftttoir  brioki 


Wi<(b*  at  «««* 
par  mbto  hmi 
bft«. 


lf».09 
147.07 
173S4 
HH.08 
144.47 
133.08 
DI.71 


AtctWBbrMUit 
wnfcht  la  llML 


4B61 
9887 
S808 

seas 

1990 
800 
709 
830 


frost,  bavo  appended  tlio  following  conclnsions  fmm  their 
exi>eritnenM: — ''If  tlie  sumrg  he'livid(i(I  into  flakes,  accor- 
ding to  their  cliemicnl  wmitwwition,  it  will  bo  foiiiiU  that  in 
all  stoiipft  of  tbo  HHiiie  t;biss  ilicre  exists  gciicrallv  a  clr^e  rela- 
tion befveen  ibeir  various  physical  qiialiliee.  'thus  it  will  bo 
obscn'cd  ihat  the  specimen  which  has  the  greateet  speeifio 
ffravity  pofwesaes  the  jc^i-eateet  ciobefiive  strenelli,  a^iiorba  th«' 
least  qnnntitv  of  water,  and  difii?itegrate«  tho  Tea«t  b^-  the  pro 
ccBfi  which  imitatofi  the  effects  of  weather.  A  coinparipon  <"»f 
all  tlie  expcrimciit(i  ?1hjw8  thin  to  be  the  general  rule,  though 
it  Is  liable  to  iiidividnBl  exceptions." 

"  Hut  tlii«  will  not  enable  us  to  compare  stones  of  diffei-ent 
clasaea  together.  The  sandstones  abeorb  tho  least  qnanlityof 
water,  bnt  they  disititoymte  more  than  the  mn^fnc&ian  lirao- 
slones,  which,  ooiisidcring  their  compactness,  aWrb  a  great 
deal." 

331.  Liltc  conclnsionB  to  the  preceding  wore  reached  by  a 
commission  fur  testing  the  projiertice  of  some  of  iho  stone* 
and  marbles  usod  in  tne  constmction  of  the  Capitol  at  AVash 
ingtou. 

i5nt  few  experiments  have  l>cen  nindo  npon  tlie  strength 
and  otlter  properties  of  the  building  stones  of  the  United 
States,  and  tliose  of  a  I'Kial  character.  From  tho  reports  of  a 
puhh'c  commission,  nnd  of  Pr<)fessor  K.  Johnson,  on  the  mar- 
bles and  mic^iceons  strnlified  stones  iimmI  in  the  walls  and 
fonndationa  of  the  Capitol  at  Washington,  the  same  general 
oonchisions  were  arrivi^d  at  as  in  Ibe  rcjwrt  of  Messra.  Daniel! 
and  AVlieatstone  ab<ive  cited,  The  stri-ngtli  of  the  marblea 
Biibmitted  to  experiment  varied  frtim  alH>nt  seven  thoiisand 
to  twenty -fonr  thousand  pounds  to  tliceqnare  inch;  the  mica 
ocons  stones  nsed  in  the  fonndalions  averaged  about  fifteen 
thousand  pounds  to  the  stjnaro  inch  ;  some  sjwcimens  of  sand- 
stone gave  about  five  thousand  pounds  to  the  square  inch ;  and 
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one  of  sicnite  about  twenty-nine  thousand  pounds  tu  the  square 
indi. — Jdeporl  of  t/tc  Architect  of  Pvblio  Buildings^  Deo.  ]., 
1853. 

332.  Bundclct,  from  a  nuincrmia  series  of  cxpcrimenla  on 
the  saine  subject,  published  in  bts  work.  Art  ds  Jidtir^  has 
arrived  at  like  conclusions  with  regard  to  the  relations  between 
the  specific  gravi^*  and  strength  of  stones  lielongiug  to  tho 
Baine  chis&. 

Among  the  resnite  of  tlie  more  recent  experiments  on  this 
subject,  thoiie  obtained  bv  Hr.  llod^kiii&oii.  allowing  the 
relation  between  the  crusliinc;,  ihe  tenisile,  and  the  transverse 
strength  of  stone,  have  already  been  given. 

M.  Vicat,  in  a  memoir  on  tlie  eamcj  sut)jec't,  published  in 
the  Anjuile4  des  Pontes  et  CfumHa^e-n,  15.13,  ha;*  arrived  at  an 
opposite  ojuclugiun  from  Mr.  llodgkiuson,  stating  as  the  re- 
suita  of  his  experiments,  that  no  constant  relation  exists  be- 
tweea  the  urutdiiug  aud  tcusile  strength  of  stone  in  general, 
and  Uiat  tliero  is  no  other  means  or  detorminiog  these  two 
ibrcoe  bat  by  dti-cut  experiment  in  each  case. 

333.  The  hiduouco  of  form  on  tlic  ^trcueth  of  stone,  aud 
the  ciruumstances  attending  the  ruutui-e  of  hard  and  soft 
stones,  have  been  made  the  subject  or  jMuticular  experiments 
by  Kondclet  and  Vicat  'I'heir  expenmenis  agree  in  eetab- 
lisliing  the  points  that  the  crnahing  weight  h  in  piMportion  to 
the  area  oi  tlio  base.  Vicat  states,  more  generally,  that  the 
peimanent  weights  borne  by  similar  solids  of  stone,  under  like 
eircninstauces,  will  bo  as  the  squares  of  their  homologous 
sdes.  These  two  authors  agree  on  the  point  that  the  circular 
frwin  of  the  liase  is  tlie  mfist  favorable  to  sti-e'ngth.  They 
differ  on  most  other  points,  and  particularly  on  the  manner  in 
which  the  different  kinds  of  stone  vield  by  ruptura 

334.  PraoUoal  Deductions.  Were  stones  placed  undei 
tlie  same  circumstances  in  strnrtures  as  in  the  experiments 
made  bi  ascertaiu  their  strength,  there  would  be  nodiBiculty  in 
aligning  Iho  fmctioual  part  of  tlie  weight  tenncd  tlie  wnrh- 
ing  ttmin  or  ivorhint/  Utod  which,  in  tlie  comparatively  short 
period  usually  given  to  an  experiment,  will  crush  them,  could 
be  borne  by  them  permanently  with  safety.  But,  indepen- 
dently of  the  accidental  causes  of  detitruction  tti  which  struc- 
tures are  exinised,  imperfections  in  the  material  itself,  as  well 
as  careless  workmanship,  from  which  it  is  often  placed  in  the 
most  unfavorable  circumstances  of  resistance,  require  ^'  be 
giiiirJod  against,  M.  Viwit,  in  the  memoir  before  mentioned, 
states  that  a  pennaneut  strain  of  ^^  of  tlte  crushing  force  of 
experiment  may  be  borne  by  stone  without  danger  of  impair 
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ing  its  cohesive  strength,  provided  it  be  placed  onder  the 
moat  favorable  circiimBtances  of  resistance.  This  fraction  of 
the  crushing  weight  of  experiment  is  greater  than  ordinary 
circumstances  would  justify,  and  it  is  recommended  in  prac- 
tice not  to  submit  any  stone  to  a  greater  permanent  strain 
than  one-tenth  of  the  crushing  wei^t  of  experiments  made 
on  small  cubes  measuring  about  two  inches  on  an  edge. 

Other  authorities  state  that  cut  stone  in  cases  like  me  vov&- 
soirs  of  arches  and  stone  pillars  sliould  not  be  subjected  to  a 
working  strain  greater  than  j^th  of  the  crushing  weight  of 
experiment. 

The  following  table  shows  the  permanent  strain,  and 
crushing  weight,  for  a  square  foot  of  the  stones  in  some  of 
the  most  remarkable  structures  in  Europe. 


PilhuB  of  the  dome  of  St,  Peter's  {Jt/me) 

Do.  St  Paul's  (Zrfwwfcn) 

Do.  St.  GeneviSTe  {Paris) 

Do.        Cliarah  of  TOtuBAint  {Angers) 

Lower  ooorBes  of  the  pien  of  the  Bridge  of  NeniUf. . 


Parmuient 

GnAIac 

Akin. 

vralKlU. 

83330 

688000 

89460 

537000 

60000 

456000 

90000 

900000 

3600 

570000 

The  stone  employed  in  all  the  structures  enumerated  in  the 
Table,  is  some  variety  of  limestone. 

336-  Expansion  of  Stone  firom  Increase  of  Tempera- 
ture. Experiments  have  been  made  in  tliis  coimtry  by  Prof. 
Bartlett,  and  in  England  by  Mr.  Adie,  to  ascertain  the  expan- 
sion of  stone  for  every  degree  of  Fahrenheit.  The  experi- 
ments of  Prof.  Bartlett  give  the  following  results : 

Gxanite  expaoda  for  erery  d^ree , 0000048SB 

Marble 000006668 

Bandrtone 000000688 
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nis 


TohUofthe 


J.  AdUf  OiifU  £ngtneeT^  JEditdfutyh. 


t.  BcaMM  cacDvat 

%.  HcUlu  >Uta  marUt.... 

J.  C9UW*  nMrUc..,...i». 

4.  aurf-MoM  (CYtU0MU),. 

&.  BUtaflVMik}.,.. 


fL  ArtNiaih  iwrmBOit. 

a  CiUhnwi  miwatnfc 

la  Onr  gtmuit^iAltnkm),.. 

II.  BvCHockMkk 

IX  Pbetelck 

1&  Black  MHHtile(Ga<iMw),„.. 


.OIBUOB 

.(HB8W9 
.NMUin 
.D908»6 

.mum 
Mmm 
MaoBa 
Mswrn 


MUUB 
JICUI4T 
.(OtlOill 

JKOODW 

.001 1:4s 

.(XmiTTK 

.wuuess 
.orxnwA 

.OOIIIMI 
.CBDMIVIS 


MMoaa 
jsnomm 

Mimm 

.uwuxn 

.DUUUMS 

.omum 

.OOOOOSM 

.tU0Mg:4 
.CWdUUSfl 


Bjmmfc. 


tOiMexptdnwnt  (avfu) 

L  Om  npslaiM  («wii<>. 

^  Mauiat  tmmnni). 

Jbao  at  font  wttNriBMBto. 

llMtA  «f  tbrao       do. 
Ona  opMUBiBt  (i*mW)> 
lf«kn  ai  two  {dry}. 

Mf  of  fauf  MlgftjiwaH 

Uoacor  Uuea       dck 

ll>«a«ruuiM      do. 

llMut  oT  two  4a. 

Ucan  of  two  da. 

Umui  or  twa  do. 

ICbmioI  thna         d«. 


HL 


anSHOTQ   07   UOBTiLBS   AND   OOKORBTEa. 

336.  Strength  of  Mortars..  A  very  wide  range  of  oxpori- 
raente  has  been  maile,  wilhin  a  few  yvtin  back,  v\  engiiicere 
Wtii  at  homo  aiid  ftttix^ad,  iifMiD  the  i-e^istaju^e  offered  li^v  "lor- 
tare  CO  a  tJiuisvcr:ml  etmiii,  with  a  view  tu  compare  tbuir  qiial- 
ilies,  botli  hs  rrciiriis  their  ooustitacitt  elemeuti?  and  tlic 
prucesses  folluwedin  their  niaitipnlation.  As  might  naturally 
oave  been  anticipated,  these  experiments  have  presented  very 
di\xrsified,  and  in  many  inslaiicet:;,  coutradictory  rosultB.  The 
geneml  wtnuhisiuna,  however,  drawn  from  them,  have  b»*n 
nearly  tlio  same  in  tlic  majontv  of  cases;  and  they  funiii-h 
the  engineer  with  the  most  reliable  guides  in  this  important 
brancli  of  Ids  art. 

837.  The  usual  method  of  conducting  these  experiments  has 
been  to  subject  small  rectangular  prisms  of  mortas,  resting  ou 
points  of  support  at  their  extremitiei^  tu  a  transversal  strain 
applied  at  the  centre  point  between  tlie  bearings.  This,  per- 
h»]«,  is  as  nnexceptionable  and  convenient  a  method  as  can 
he  followed  for  testing  the  conipai-ativc  strength  of  mortars. 


erxEKNGTn  of  mortars. 


117 


4th.  The  stren^h  of  common  mortars  i»  cotisidentblv 
improved  bv  the  additiun  of  an  artificial  puzzDlaua^but  more 
m  by  thft  ftddition  of  an  hydranlic  cemonL 

5th.  Fine  fuuid  geiierftfly  gives  a  stronger  mortar  than 
coarse  sand. 

6tli.  Lime  slaked  by  spn'rikliiig  gave  better  rcsnitti  than 
lime  ?Iake<l  by  drou*ning.  A  few  ex(>erimcnl8  made  on  air- 
slakcd  lime  were  unfavorable  to  that  mode  of  slaking. 

7th.  Both  hydraulic  and  common  mortar  yielded  better 
reenlte  when  made  with  a  email  quantity  of  water  than  when 
made  thin. 

8tfa.  Mortar  made  in  the  mortar-mill  wae  fotuid  to  be  au- 
perior  to  that  mixed  in  the  uttiial  wnv  witL  a  boo. 

9th.  Fresh  water  gave  better  reanftft  than  wilt  water. 

341.  Strength  and  Other  Propertiea  of  Portland  Cement. 
From  experiments  made  in  England  by  Air,  Grant  on  the  re- 
sistance to  cnishing  of  blotrke  of  Portland  cement,  and  f»f 
Portland  ocment  mortars,  tlie  following  results  are  deduced. 

let.  The  strength  of  the  blocks  in  both  cases  increased  with 
time.  The  blocks  of  pure  cement  bearing  respectively  nearly 
4,000  Ibc.  on  the  square  inch  after  three  months;  over  5,00C 
lbs.  at  six  monttis ;  and  nearly  R.OOO  Iba  at  nine  months. 

2d.  The  streimth  of  the  blocka  of  mortar  aleo  increased 
with  time ;  but  oecroaAed  as  llie  volume  of  ^nd  nsed  was 
increased.  The  blocks  made  with  one  volume  of  sand  to  one 
t>{  cement  bore  about  2^500  lbs.  on  the  square  inch,  and  those 
made  of  six  volnmes  of  sand  to  one  or  cement  959  U».  at 
the  end  of  tliroe  monthft;  whilst  those  made  of  one  volume 
of  ?and  to  one  of  cement  bore  4,561  lbs.  on  the  square  inch 
at  the  end  of  nine  months,  and  thoao  made  of  six  volumes  of 
iand  to  one  of  cement  bore  1,678  lbs.  on  the  sqnare  inch  at 
the  end  of  the  &arae  period. 

From  numerous  exjicnmente  made  by  Mr.  Grant  in  England, 
on  P<ntlaud  eement,  he  draws  tlie  following  conclusions  : — 

IsL  Portland  cement,  if  it  be  preserved  from  moieture, 
does  not,  like  Roman  cement,  lose  its  strength  by  being  kept 
in  casks  or  sacks,  but  rather  improves  by  age. 

2d.  The  longer  it  is  in  setting,  the  more  its  strength  in 
crBasea 

3d.  Very  strong  Portland  cement  is  hoa\'7,  of  a  bVio-gray 
oolor,  and  sets  slowly.  Quick  setting  cement  has,  generallv 
too  large  a  portion  of  clay  in  its  compofition,  is  brownish  in 
color,  and  turns  out  weak  if  not  useless, 

4tli.  The  less  the  amount  of  watur  in  working  the  cement 
op  the  better. 
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5th.  Il  Ift  of  the  creatcst  importance  that  the  atoiicB  (>i 
Itri'.'ks,  with  wJiich  rortlaiid  femcnt  is  tiscd,  should  be  thor- 
otijchly  Bonlied  with  water.  If  under  water,  in  a  quieeoent 
state,  the  retnnnt  will  bo  stronger  than  ont  of  water. 

6tli.  BliM'lcs  of  brickwork,  or  of  foncrt-te,  niadu  with  Port 
land  ceinont,  if  kpjit  nnder  water  until  required  for  Dee, 
wonld  l>e  iniidi  stronger  than  if  kept  dn*. 

7th.  Salt  water  is  asgtxjd  for  mixing  with  Portlaod  cement 
aa  freeh  watiT. 

8tii.  K<>ii)an  cement  h  very  ill  adapted  for  being  mixed 
with  Band. 

9tlL  The  rcBistance  of  a  block  of  piire  Portland  cement  tc 
extension  »fl<T  an  iinmer*ioii  of  one  vcar  waA  about  4S0  lbs. 
on  the  squiire  inch  ;  whilst  the  reaistajicfn  of  block*  made  of 
tymd  a!id  i-ctuont,  after  the  aiuiie  period  of  ininicrsioii,  decreased 
with  rbe  quantity  of  Band  added.  lilix-ke  of  one  volume  of 
cement  in  paste  to  one  of  sand  ginngthree-fourtliB  tlie  re- 
tfi^tnnce  uf  thoee  of  pure  ceuieiit ;  and  UinBe  of  one  vuhime 
of  nenicnt  to  five  of  aand  giving  only  ono-eixth  of  the  i-eaiat- 
ance  of  hlocka  of  pure  cement, 

Itfth.  Romnn  cement  is  only  one-third  the  Blrensrih  of 
Portland  cement.^ — Pn>cetdiTuj»  of  tJu  Institntion  oj  Civil 
Kni/ineers,    VaL  XXV.,  ^.60. 

342.  Concrete  and  Beton.  From  experiments  made  on 
Cfincrolf,  [irepfired  arcordlnj;  to  the  mont  approved  proeeaa  in 
England,  l>y  Colonel  l^aetey,  it  nppeai-s  that  thi«  material  !■ 
rery  inferior  in  strength  to  good  brick,  and  the  weaker  kinde 
of  natural  atones. 

Fnm)  expt-riiiienta  made  by  Colonel  Totten  on  Mton,  the 
foilowin{>  inuiclusionB  are  drawn  : 

That  hiiou  made  of  a  mortar  composed  of  hydraulic 
ceincTit.  c4»inmoii  lime,  and  wind,  or  of  a  mortar  of  hvdmidio 
c-cmcnt  and  Nind,  without  lime,  was  the  stronger  aa  llie  quan- 
tity of  Band  waft  the  Bmallcr.  But  there  may  bo  it.5<'  of  tand, 
and  0.2a  of  common  lime,  without  Bcnstblc  detenoration  ; 
and  as  much  as  1.00  of  aand,  and  0.25  of  lime,  without  great 
lo0B  of  fltrcn^. 

B<5to:i  made  with  juet  euflicient  mortar  to  fill  the  void  sjiat'es 
befwepii  file  fragtnentfl  of  stoiio  wa»  found  to  be  let**  stmng 
than  tliat  made  with  double  this  bulk  of  mortar.  But  C^ilouel 
Totton  retuarks,  tliat  this  result  it*  pcrhapB  attributable  t*)  the 
difllculty  *>f  causing  so  small  a  quantity  of  mortar  lo  ]wiict-rate 
the  voidK,  and  unite  all  the  fragments  perfoctly,  in  cx))eri< 
meuts  made  on  a  email  scale. 

The  Btix>iigest  beton  waa  obtained  by  using  quite  small 
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fragments  of  brick,  and  the  weakest  &om  small,  roanded, 
stone  graveL 

A  mton  formed  by  pouring  grout  among  fragments  of 
stone,  or  brick,  was  inferior  in  strength  to  that  made  in  the 
nsnal  way  with  mortar. 

Comparing  the  strength  of  the  IxStons  on  which  the  experi- 
ments were  made,  which  were  eight  months  old  when  tried, 
with  that  of  a  sample  of  sound  red  sandstone  of  good  qual- 
ity, it  appears  that  t^e  strongest  prisms  of  b^ton  were  only 
half  as  strong  as  the  sandstone. 

The  working  strain  on  masses  of  concrete,  brick,  and  mbble 
masonry  seldom  exceeds  in  structures  that  of  one-sixth  of  the 
crushing  weight  of  blocks  of  these  materials. 


XT. 

STRENGTH   OV  TIUBBB. 

A  wide  range  of  experiments  has  been  made  on  the  resist 
ance  of  timber  to  compression,  extension,  and  a  transverse 
strain,  presentinff  very  variable  residts.  Among  the  most 
recent,  and  which  command  the  greatest  confidence  from  the 
ability  of  their  authors,  are  those  of  Professor  Barlow  and 
Mr.  flodgkinson :  the  former  on  the  resistance  to  extension 
and  a  transverse  strain ;  the  latter  on  that  to  compressioiu 
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343.  Resistance  to  Tensile  Strain.  Tlie  following  table 
exhibits  the  epeciHc  gravity,  and  the  moan  rcaiatance  por 
square  inch  oi  various  kinds  of  tJinbor,  from  the  experiments 
of  Prof.  JJarlow. 

TUh  w<irking  strain  on  brains  subjected  toextenaion  ehonld 
\\!>i  exceed  T^  of  the  rnpturiu'rBtrnin  in  i>ennaiient  etrncturea, 
but  fur  tciniKH-arj.'  purjioscii.  like  m'«ff()ldinj5,  tfcc.,  it  may  be 
placed  at  Jth  the  nipturing  strain  with  safety. 

Bat  few  direct  experiments  have  been  made  npon  the 
elongntioiis  iif  ttinl>er  fnnii  a  strain  in  the  direction  of  the 
tibres.  Krora  some  made  in  Krance  by  MM.  AHuan)  and 
De8ormc9,  it  would  a)>i)ear  that  bars  of  oak  haviug  a  sectional 
area  of  nne  w|iiare  inch  will  be  clongaled  .<>0li70  of  their^ 
leitpth  by  a  fitruiu  nf  one  \ou. 

344.  ReaiKtanoe  to  Compressive  Strains.  The  follow- 
ing Table  exhibita  the  resulti*  ohtaiiied  by  Mr.  Hodjfkinson 
from  oX]*rinicuts  on  abort  cylindcra  of  titiibor  with  flat  ends. 
The  diameter  of  each  cylinder  waa  one  iiieh,  and  ita  height  two 
iDchea  The  results,  in  the  Unst  eohmm,  are  a  mean  fr<jra 
ab<nit  three  experlMieuts  on  timber  moderately  dry,  being 
such  as  is  used  tor  making  models  for  wistingft ;  those  in  the 
Kuond  column  were  obtained  in  a  like  manner,  from  similai 
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LATch  (.SiweAA). 

Loctut. 

Hftbogmnj 

Monray  span 

OtkiEngUMh) 

Do.  {Afrienn) 
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Do.  iComidian)... 

Do.  <i>anf<^) , 

P««r 
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0.6M 
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OiTOO 
O.HD 
OOftO 
0.C87 
0.C80 
0.700 
0.1KI0 
0.9S0 
O.MW 
0.878 
0  750 
0.(M8 

aooo 

0.000 
0.000 
0.7S0 
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17000 
IIOOO 
20000 
11000 
llOOO 

5780 
12000 
12«00 
12000 

7000 
20380 

soos 

ISOOO 

0000 
10000 
14400 

14000 
18000 
14J^ 
11800 
14000 
lOAOO 
10000 
10000 


speciinciis,  which  wore  turned  and  kept  drj*  in  a  wai'm  place 
two  monthft  longer.  A  uoinparium  of  tlio  results  in  the  two 
cohininH  shows  the  effect  of  drying  on  the  Btrenpth  of  tim- 
ber ;  wet  timber  not  having  half  the  etrcii/^h  vi  the  SBine 
when  diy.  Tlie  circumstances  of  rnpture  wore  the  saino  aa 
already  stated  in  the  general  obt^en'ntlDns  under  this  head; 
the  height  of  tlic  wedge  which  would  slide  off  in  timber 
bein^  abunt  half  the  diameter  or  tliicknese  of  the  e^ieeiinen 
cniBned. 

345.  Resistaiioe  of  Square  Pillars.  Air.  Hodgkiuson  haa 
made  a  number  of  invaluable  experiments  on  the  strenffth  of 
pillars  of  limber,  and  of  columns  of  iron  and  steel,  and  from 
them  haa  deduced  formnlfc  fur  calcnlatinf;  the  pressure 
which  they  will  support  before  bi-axkinn-.  Tlic  cxperimcnta 
on  timber  were  made  ou  plllai-s  with  flat  ends.  The  follow- 
ing are  the  formutie  from  whicli  their  sti-eugth  may  be  esti 
iDBted. 

CJalling  tlie  breaking  weight  in  lbs.,  W. 

"      the  side  of  the  sqnare  l»aae  in  inches,  d, 
•      the  lon>fth  of  the  pillar  in  feet,  L 
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Then  for  long  colanms  of  oak,  in  which  the  nde  of  the 
Bqoare  base  is  1^  than  y^th  the  hei^t  of  the  oolninn ; 

F=  24542^. 
and  for  red  deal,  . 

W=  17511    r 

Tor  shorter  pillara,  where  the  ratio  between  their  thj^Vrm^H^ 
and  height  is  snch  that  thej  still  vield  by  bending,  the 
strength  is  estimated  by  the  following  fonnnla : 

Calling  the  weight  (^cnlated  from  either  of  the  preceding 
fcvrouls,  W. 

Calling  the  crushing  weight,  as  estimated  from  the  pv 
eeeding  table,  W". 

Callm?  the  breakiiL^  wei^  is  Iba.,  W". 

Then  the  fonnnla  tor  the  strength  is 

w+iw 
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In  eacii  of  the  pi-ecediag  formulsa  d  must  b«  takoa  m 
incUee,  and  I  in  feet 

The  same  rule  is  followed  m  proportioning  the  ruptoring 
to  the  working  strain  in  timber  subjected  to  compression  as  in 
timber  Bubjected  to  exteii^iuu. 

346.  Reelatanoa  to  Transverse  Strains.  Aa  timber^ 
from  the  purpuses  to  which  it  id  applied,  in  for  the  most  part 
exposed  to  a  transverse  struu,  the  far  greater  number  of  ex- 
periments have  been  made  to  ascertain  the  relations  between 
the  strain,  the  deflection  caused  by  it,  and  the  linear  dimen- 
sioD&of  the  piece  subjected  to  tlie  strain.  Theaerelatiuiitiliavo 
been  made  the  Bubjcct  of  mathematical  invostigalions,  found- 
ed upon  data  derived  from  experiment,  which  will  be  ^ven 
in  the  Appendix.  The  followbig  table  exhibits  the  results  of 
experiments  made  uwm  beams  miTiug  a  rectangular  sectional 
area,  wluch  were  laid  horizontally  upon  Bopportf  at  their  enda, 
and  subjected  to  a  strain  applied  at  the  middle  point  between 
the  supports,  iu  a  vertical  direction. 

For  a  moi'e  coiireiiient  application  of  the  formule  to  the 
resalts  »f  the  experiments,  the  notation  adopted  in  the  pre* 
ceding  Art.  will  be  hei-e  given. 

Cau  the  transverse  force  neceesaiy  to  break  the  beam  in 
Ibs^  IK 

Call  the  distance  between  the  sopports  iu  inches,  L 
"     the    horizontal    breadth    of    the    sectional    area    in 
inches,  b. 

Call  the  vertical  depth  of  the  sectional  area  in  inches,  d. 
"    Uie  deflection  arising  from  a  weight  w  in  inches,y! 

Tal^U  <>f  JSxperiments  with  the/bregoing  Ifotati&n, 
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The  following   Table,  taken  from   VoL    V.     Profesnonot 

Pa,p€r%  of  the  English  Royal  Envimer'9,    JVb.   V.  Jij- 

marka  and  Experimenta  on  various  Wotda,  ffivet  the  value 

Wl 
of  S,  in  the  formtda  S  =  •j~-jtfo^  transverse  strainSj  in 

which  I,  the  length  of  the  pieces  subjected  to  experhnent, 
voas  from,  foe  to  six  feet;  the  dhtunce  between  the  point* 
of  su^^ori  four  feet ;  the  ends  of  the  pieces  not  confned 
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dopdi ;  and  ^  the  distance  Itctween  the  points  of  support  of 
the  beaia;  aud  rn,  &  comtaiit  to  be  derived  fruui  uxuerimenL 

Fn^rii  xh\»  formula,  if  a<^<:urato,  tho  amount  of  dciicctiun 
should  vary  directly  as  the  preaaiire  and  cube  of  the  length, 
and  invereelj  as  the  breadth  and  cube  of  the  depth  ;  but  from 
Prof.  Norton's  experimonls  it  appeare: — 

1.  Tliat  the  dotlcetion  varies  approximately  as  the  pregsures, 
but  rather  incrca^in^  acctfrding  to  a  less  rapid  law. 

S.  That,  although  the  deflections  are  not  uniformly  in- 
vereely  as  tlie  breadtli,  still  the  variation  from  tliia  law  is  but 
alight. 

3.  That,  except  in  "  beams  whose  length  boro  a  high  propor- 
tion to  their  depth,"  the  law  indicated,  tliat  thedeflectimiB  arr, 
inverwly  proportional  to  the  cubes,  is  far  from  being  accurate. 
In  other  cases  it  **  decreases  according  to  a  Icsa  rapid  law  than 
the  inverse  cube  of  the  depth." 

4.  The  experiments  also  shovr,  that  tlic  law,  that  the  dcflco- 
tion  is  directly  proportioDal  to  tho  cul)e  of  the  length,  alao 
fails. 

Fmm  these  experiments  Prof.  ?5"orton  sare ; — 
"  We  may  conclude,  from  these  msulte,  that  the  deflection 
mcreases  according  to  a  lesii  rapid  law  than  the  cube  of  tlie 
length  of  tlie  stick.  Wc  have  already  seen  that  it  dccrfasca 
in  a  less  rajtid  proportion  than  tlie  inverse  cube  of  tlie  deptli. 
It  follows,  tlierefiiro,  tliat  the  true  formula  for  the  deflection 
probably  contains  at  least  one  additional  term,  which  varies 
less  rajtuHy  than  as  the  cul>e  of  the  length  directly  and  the 
cube  of  the  depth  inverselv ;  or  in  other  words,  contains  I  in 
die  nninerator,  and  d  in  tlie  denominator,  each  raised  to  a 
lower  power  than  the  cube," 

*'  Further,  it  wonlrl  seem,  tlien,  tliat  tho  true  theory  of  de- 
flection conducts  to  tlic  following  formula,  iu  tho  Bpecial  case 
of  a  beam  rostlni;  on  two  supports  and  loaded  iu  tne  middlo. 

Pi        PP   .» 

The  following  table  gives  tho  values  of  E  for  white  pina. 
and  the  oalctdated  values  of  the  constant  C 

"The  general  formula  applicable  to  white  pine  sticks  of  tlie 
general  quality  uKcd  in  these  exiierimcnts  will  be  ol)tained  by 
taking  tluMnean  of  the  several  valnea  of  ^aud  6^  given  in  the 
above  table.  To  test  the  theoretical  formula  we  have  obtained 
we  will  take  the  mean  values  of  J?  and  6',  for  the  second  set 
of  sticks,  given  at  tholfottnm  of  tho  fourth  and  fifth  eolumnS| 
vul:  £'=1,427,9(;5  ponnda,  and  £7=0.0000094.  We  thu» 
bare 
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or,  taking  P=100  lbs,, 

Tbe  geucral  formula  for  tbo  deflccdoa  may  a  bo  take  die 
following  form  : 


TABIA 


BUvfcL 

Dtff-  ot   Bitmnv  Prvvmrm 

Pl^HntM. 

B-et  Ho.  1, 

J*. 

C. 

X 

a 

t 

h. 

4. 

i.att^BOouib 
i,8a8,»»  - 

i,aBt(Kfl  " 
i.4«.aM  ■• 

i.mtet  " 
\,taafioii  - 
i,g«i,)«  ■• 

D.OOKIIOS 

o.oQacii(u 

I).1NHKWJ*T 

ti.txmi  II) 
ir.Cii»JU» 

O.OQ00OM 

n.O0D0(RO 
O.OOUOllO 
o.twuuwu 
O-OOMWH 

1,80a,  <ri'-  ■ 

l,B7S.li>''< 

l.Ul.lii.«   " 
l,43a.WO    '• 
».4T4,W8   " 

1.9M,C0DllH. 

i.«a.oiw  ■' 

i.iu).ono  " 
l,41T.»aB    -> 

J 

(t          ft. 
1,    «     4 

S 
4 

t   or    4 
^   or    1 

In.        In. 
t 

X,  or  S 
«,  ot   • 

4 

i    . 

la.        bL 
1 

»,  «r  a 
S.  cr  t 
» 
S 

(I.KKMun  'J 

aoooovH  1 
Aaxnasa  ' 

•MXa.  1 

h.          ft. 
1.    ot    4 
1.    or    4 
L    or    4 

«.    or    4 

HOMI 

la. 
8 

» 
4 

t 

IB. 

o.noooow 

O.WWOIOI 

u.uuootaa 

O.CHHXIOM 

847.  Reslsianoo  to  Dotrusion.  From  llieerperimeiiti*  of 
Prof.  Barluw,  it  ftpjK'nre  that  tlio  resi&tanue  offered  by  the 
lateral  adlioeion  or  itio  fibres  of  fir,  to  a  force  actinff  in  a 
direction  parallel  to  tbe  fibreB,  may  be  ostimated  at  dB2  \b». 
per  Bqiiart-  inch. 

Mr.  Tredgold  gives  the  following  ha  the  resnltB  of  experi- 
ments on  the  reaistanco  offered  by  adlK.-sii->n  to  a  force  app'icd 
por|)9ndic:ii1arly  tu  tbe  fibres  to  tear  tlicni  asunder. 

Oftk 2316  Ibc  p«[  sqauo  iuok. 

Poplar 17M3      " 

Lwob,  070  to  1700      **  *^ 
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The  most  recent  cxpcrimentB  on  the  strength  of  this  ma- 
terial are  those  cf  Mr.  Hodgkineou.  Tbuse,  particularly, 
made  by  him  on  tlie  subject  of  tlie  strength  of  cohnnna, 
ftnd  llic  mo6t  suitahlo  form  uf  cast-irou  beatus  to  sueluia  a 
transversal  strain,  have  supplicti  the  engineer  and  architect 
trith  the  mu%t  valuable  guide  in  adapting  this  material  to 
the  T&riouB  purpoeee  of  structures. 

348.  Resijatanoe  to  Eacteasion.— From  a  few  experiments 
made  by  Mr.  Reuiiio  and  (.'ftprnin  Hrciwn,  the  tensile  strengtli 
of  cast  iron  varies  from  7  to  1)  tons  per  square  iuch. 

The  expcrimonts  of  Mr.  HodgkiuBon  upon  both  hot  and 
cnld  blast  iron  give  the  tensile  strength  from  6  to  9J  tons  per 
tquare  inch. 

From  some  experiments  made  on  American  cast  iron,  under 
the  direction  ut  tlie  Franklin  Instttiiie,  the  mean  tensile 
strength  is  20834  lbs.,  or  9|-  tons  per  square  inch. 

349.  Reaiatance  to  Compressive  Strain.— The  general 
circumstances  attending  the  rupture  of  this  material  by  com- 

Ereasion,  drawn  from  the  experiments  of  Mr.  irndgkiiiaon, 
ave  already  been  given.  Tlie  angle  of  tlie  wedge  resulting 
from  the  rupture  is  alK>ut  55". 

The  mean  crushing  weight  derived  from  experiments  npon 
short  cylinders  of  hot  blaet  iron  was  131,685  lbs.,  or  54  tons 
^  rwt.  per  square  inch. 

That  on  short  prisms  of  the  same,  with  square  haseny 
lOO.T^iS  lbs.,  or  44  tons  19^  cwt  per  square  incli. 

That  on  ehoi-t  cylinders  of  cold  blast  iron  wa8l25,4u3  lbs., 
or  55  tons  19^^  cwL  per  Bqtiare  incli- 

That  on  short  prisms  of  the  same,  having  other  regular 
Sgnree  for  their  basee,  wna  100,681  Ibe.,  or  M  tons  18^  cwt. 
per  square  inch. 

Mr.  Hodgkiitaon  remarks  with  respect  to  the  forms  of  buo 
differing  from  the  circle:  *'In  the  other  fonns  the  difFerenee 
of  strength  is  but  little ;  and  therefore  we  iimy  perhaps  admit 
that  difference  of  fc^rm  of  section  hag  no  ititliicnco  upon  the 
power  of  a  short  prism  to  bear  a  crushing  force." 

In  remarking  on  the  circunietanees  attending  the  ruptnre, 
Mr.  Uod'^kinson  further  observes :  "  We  may  amame,  thei-e- 
fore^  without  assignable  error,  that  iu  the  cruslmig  of  short 
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iron  priBmB  of  various  forma,  lon^or  than  the  wedge,  the  ^ngla 
of  fmcturo  will  be  the  atunR.  Tliia  fttinple  aMtiiiipiiun,  if  ad- 
mitted, would  prove  at  once,  nut  oiily  in  titia  material,  but  in 
others  which  break  in  tlie  saiiie  inaiitier,  the  proportionality  of 
the  cnuhiiig  f<frce  in  di^creut  fnitn^  Ut  the  area;  ftinco  the 
area  of  fracture  would  alwajB  be  equal  to  the  direct  tnui» 
vorie  area  riiiiUipHcd  by  a  ooiutaot  <juanti^  dependeDt  npoD 
the  material." 

TalU  exhibiUng  tht  JiaHo  of  t^  Teruiie  to  Ou  C'ompre*- 
aive  Foroea  in  Cast  Iron^Jrom  Mr.  JIodgki3i*orC»  Jixjwri 
mants. 


BHOnpnoW  OF  UTAIh 

■loan  Iwsk 

AMk. 

DcTooiroe, 

Xo.  8.  Dot  bUkat 

14.'}.439 

Bl.fiO? 

6.888:  1 

fiuff«iT7  iron, 

Mo.  1.  Hot  lilut 

m,s\i7 

IS.-l.'U 

0.481  :  1 

Do. 

•'      Com  Mari 

98,883 

17,406 

fi.946  :  1 

Coed-Tftl«D  icon 

,  No.  2.  Hot  Uort 

8t.7S4 

16.670 

4.961  :  1 

Do. 

"     Cold  blMt 

81,770 

18,805 

4.8S7  :  1 

Cnmm  iroa. 

Ko.  8.  Hoc  blut 

106,640 

1S.50B 

8097;  ] 

Do. 

•'     Cold  UMt 

100,87S 

1(1,083 

6J78  :  1 

Camni  iroa. 

No.  8.  Hoi  blMt 

1S8.440 

I7.71W 

7.S18  :  1 

Do. 

"     OiiM  blMt 

llS.Ufl 

I4.S00 

8.1S9  :  1 

3&0.  ReaUtance  of  Cylindrioal  Columas.  The  experi* 
menta  under  tliiit  head  were  made  upon  solid  and  hollow  col* 
onuii,  both  ends  of  which  were  eitlit;r  flat  or  rounded,  fixed  or 
looMf  or  one  end  flat  and  the  utlicr  rounded.  In  the  case  of 
ooliimnft  with  rounded  ends,  tlie  presaurc  was  applied  in  the 
direction  of  tlie  oxitt  of  tlic  eoluntn. 

'Hie  fulIowiiiK  extracts  ore  made  from  Dr.  nodprkinson's 
paper  on  this  subject,  published  in  the  Report  of  the  British 
Association  of\ii\0. 

"  IbC  Iu  nil  long  pillars  of  tho  funio  dimenaiona,  the  roust- 
ancu  tii  crntihing  bv  floxiire  is  abuut  three  tiniefi  greater  when 
the  ends  of  tho  pi  1  fare  are  flat  than  when  tiicy  are  rounded. 

"£d.  The  strength  of  a  pillar,  with  one  end  rounded  and 
t)iQ  other  llat,  is  tlie  arit)nneti<-al  nieiin  between  that  of  a 
pillar  of  the  same  diincn»ionB  witli  botli  ends  round,  and  one 
with  botli  ends  flat.  Tints,  of  llirce  cylindrical  pillars,  alt  of 
the  earae  length  and  diametor,  the  first  having  both  it^  ends 
ruiiiulcd,  tlie  second  with  one  end  rounded  and  one  flat,  and 
the  third  with  both  ends  tlat,  the  strengths  are  aa  1,  2,  8. 
DeerljT. 
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"  3d.  A  long,  uniform,  <:a«t-iron  pillar,  with  tta  eiids  fiinil; 
dxed,  wbellier  b;  uieaus  of  disks  or  otberwiffe,  haa  die  eame 
power  to  reeifit  b]<cakiiifr  as  a  ptlUr  of  the  same  dianiotcr,  and 
uaU  the  length,  with  the  ends  rounded  or  toroed  bo  that  the 
fort-e  would  pass  tli  rough  tlie  axis. 

"  4th.  The  experiiueutH  show  that  some  additional  strength 
ifi  given  to  a  pillar  by  enlarging  it«  diameter  iu  the  middle 
part ;  this  increase  does  not,  however,  appear  to  be  more  than 
tme  Beventli  or  one  eighth  of  the  breaking  weight. 

"  5th.  The  index  of  the  jKiwer  of  the  diametor  to  which  the 
strength  of  long  pillare  with  rounded  ends  is  pruiHirticnal,  it 
8.76  nearly,  and  3.55  in  those  with  iUt  ends,  as  appeared  from 
the  rt»iiIlsof  a  great  number  of  esperimentB  ;  or  the  strength 
of  botli  may  Ix)  taken  as  tlie  3.6  power  of  the  diameter 
nearly. 

"  (ttb.  In  pillars  of  the  same  thickness,  the  strength  is  in* 
vereetv  proportional  to  the  1.7  power  of  the  length  nearly. 

"  Thus  the  strength  of  a  solid  pillar  with  rounded  ends,  the 

diameter  of  whiuh  is  dj  and  the  Icngtti  I,  is  as  — " 

I 

"The  absolute  strength  of  solid  pillare,  as  appeared  from 
the  experimonte,  are  nearly  aa  below. 

**In  pillars  with  ronndcd  ends, 

Strength  in  tons  =  14.9  — , 

"  In  pillars  with  flat  ends. 

Strength  in  tons  =  44.16  y^' 

"In  hollow  pillars  neai'ly  the  same  laws  were  found  to  ob 
tain;  thus,  if  I)  and  d  be  the  external  and  internal  diameters 
of  a  pillar  whose  length  is  ^,  the  strength  of  a  hollow  cylinder 
of  which  the  ends  were  movable  (as  in  the  connecting-rod  of 
a  steam-engine)  would  be  expressed  by  the  formula  b^ow. 

Strength  In  ton8=  13 j^ . 

"In  hollow  pillars,  whose  ends  are  flat,  we  had  from  expari 
ment  as  before, 

Strength  in  tons  =44.3 jpi . 

"The  fonnulaj  above  apply  to  all  pillars  whose  length  is  not 
lose  thai:  al>ont  thirty  times  the  external  diameter ;  tor  pillars 
ihorter  than  tltis,  it  is  necessary  to  have  recourse  to  the  'for- 
mula,' given  under  the  heal  of  Stbbkoio  or  TisibkB}  for 
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slioit  pillars  of  timber^fiubfititiitiiig  for  ITatid  W  m  thattoi 
niula,  tho  proper  values  applicable  to  caat-iron." 

351.  Similar  Pillars.  >'  In  eiiiiilar  piUai-s,  or  tlioao  whou 
laiigth  is  ti)  the  diameter  in  aix>ii8iantpn>j>ortiaii,  Uioetrengtb 
ill  nearly  oa  the  etqiiare  of  the  diamettir,  or  of  aiky  uther  liuear 
dimcnaioti ;  or,  in  other  words,  the  Btroiigth  la  nearly  aa  the 
arfta  nf  t!ie  traneverso  secliuii." 

"  In  hollow  pillars,  of  greater  dinuieter  at  one  end  tlian  the 
other,  OT  in  tlie  middle  than  at  the  enda,  it  was  not  found 
that  any  ndditianal  strength  was  obtained  over  that  of  cylin 
drical  pillars." 

"The  strength  of  a  pillar,  in  the  form  of  the  oonnocting 
rod  of  a  >iteani-cnginQ"  (that  iSj  the  transverse  section  pre- 
Beuttiig  the  ligure  of  a  oroaa  +}  "was  found  to  be  very 
arnall,  perhaps  not  half  the  strength  that  the  same  metal 
wutiltj  have  given  if  cast  in  the  torui  of  a  uniform  hollow 
cylinder." 

"  A  pillar  irre^larly  fixed,  an  that  the  pressnre  wonid  be  in 
the  direction  of  the  diagonal,  is  reduced  to  one  tliird  of  ita 
strengtk  Pillura  fixed  at  one  end  and  movable  at  the  other, 
as  in  tliDso  flat  ut  one  end  and  n>undeil  at  the  other,  break  at 
one  third  the  length  fruiu  the  movable  end;  therefore,  lo 
economijte  the  metal,  they  sliutdd  be  rendered  sti-ougor  there 
than  in  other  parts." 

352.  Iion^'oontinued  Presaurft  on  Pillars.  "  To  deter 
mine  the  ellect  of  a  kmd  lying  constantly  on  a  piltarj  Jklr. 
Fairbairii  had,  at  tlm  writer'fi  snjgp-jition,  fmir  piUuni  cast, 
all  of  the  same  leiigtb  and  diameter.  Tho  first  was  loaded 
wifh  4  c\n.,  the  second  with  7  cwt.,  the  third  with  10  cwt., 
imd  the  fourth  with  13  cwt.;  this  last  load  was  ■j'^^  of  what 
had  prcviniiKly  broken  a  pillar  of  tho  same  diinensioiiK,  wliun 
the  weight  was  curefuily  laid  on  without  loea  of  time.  Tha 
pillar  loaded  witit  13  cwt.  bore  tho  weight  between  five  and 
eix  months,  and  then  broke." 

353.  General  Proportiea  of  PlUara.  "In  pillars  of 
wnMiglit-iron,  steel,  and  timber,  the  same  laws,  with  respect 
to  rounded  and  Hat  ends,  were  found  to  obtain,  as  had  boon 
sliown  tu  exist  in  cast-iron." 

"  Of  rcctjiugidar  pi  llara  of  timber,  it  was  proved  experimen- 
tally that  the  pillar  of  greatest  strength  of  the  same  niuterialt 
is  a  square." 

.  354.  Comparative  Strength  of  Cast-iron,  Wrought- 
Iron.  Steel,  and  Timber.  "  It  resulted  from  tlie  experi- 
ments upon  pillars  of  the  same  diiuensioiiB  hut  of  different 
materials,  that  if  we  call  the  strength  'if  caBt-lron  1000,  wo 
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ilull  have  fur  wrought  1745,  caat  steel  S51d,  Dactdc  oak 
108.8,  red  deal  78.5.'^ 

355.  Resistance  to-Transverse  Strain.  The  folWina 
tables  aiid  doductioiia  are  drawn  from  the  experiments  oi 
Uessn.  Hodckiiison  uid  Fairbairi.,  on  hot  aud  cold  blast 
iron,  as  pubmhed  iu  their  lieporU  to  the  Jiritivh  Association 
in  1337. 


Tail*  exhibiting  the  resuU-a  of  exsperimentt  hy  3£r.  Ilod^ 
hinson  on  bars  of  hot  blast  iron.  6  feet  long,  with  a  rect- 
angular  sectional  area;  the  bars  restimy  ftoi^izoiitallf^  an 
prvps  4  feet  6  inches  ajnirt ;  the  vieiyht  beiny  appli&i  at 
(he  middle  of  the  bar. 


BtrKuiEXT  1. 


BacMncvUr  bar, 

1.D0   lACh  bTMMl, 

1.00      '•    ikvv. 


.087 
.003 
.070 
.1S3 
.871 
.588 
.MO 
1.360 
btoka 


vuibtfi 
laeraiued 
.001  r 
.002 
.OOB 
.097 
.087 
.181 


1.444  iBobi^ 


B^xmocRv  IX 


BMtao<«Ur  ter. 


1474 
l(W5 

3I2S 

2U49 

SfllO 
3173 


.ISO 
.156 
.1»5 
.813 
.343 
.273 
.807 
.340 
.878 
broke 


.001 
.008 
.006 
.010 
.013 
.017 
.(B3 
.0»0 
.038 
.050 


•USlaoh. 


ttznitacDrT  14 


1.01  ln«lia  bnt^ 
WdchtieitN. 


Me7 

6708 

•7790 

8001 

0503 

10624 

11087 


.137 
.1S8 
.177 
.307 
.339 
.375 
broke 


.01 


.09 


Ultliiuta  dfOaettoa 


868.  The  folln^ving  remar^B  are  extracted  from  the  same 
Bei»«»rt:  "I  hiid  njiiiaiked,  in  eoiiie  (jf  the  exi»eriiueiit8.  tliat 
Uie  elasticity  of  the  bara  was  injured  much  earlier  than  is 
srenerallj  conceived;  aud  that  instead  of  its  remaining  per- 
fect till  one  third,  or  upwards,  of  the  breaking  weight  was 
liud  on,  BA  6  generally  admitted  by  writerB,  it  wab  evident 
that  Jth,  or  lese,  produced  in  some  cases  a  considerable  set  oi 
defect  uf  elasticity  ;  and  judging  from  its  slow  inorcase  aftor 
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SmnsZu  of  t^wrimmU,  by  the  toawv  on.  tke  Trarvrwrni 
wrtfwyM  y  Coid  Blojft  Iron;  length  of  bart^  and  tjiitana 
*#*W«n  tM  poinU  of  tupport  tAe  $ama  a$  i^  the  vrtoed- 


BcnMotavr  1, 


IJM    **    trad. 


.083 
.008 
.UO 
.^40 
.870 
.010 
.040 
.798 

.va 
i.iso 

1.310 
Hbon 
brok* 


IM\ 


Tfribto 


11. 


tM     -     hrail 


lOM 
1S48 

lan 

ItM 
SI90 
8386 

M4» 

ano 

SITS 
SUB 

MM 


.091 
-111 

.138 
.194 

.100 

.»» 

.8M 
.S8I 
.BIO 
.US 

.978 
bxok* 


.on 

.OQB 

.ooa 

.010 
.011 

.ou 

.019 

.098 
.081 
.0S7 
.018 


It. 


V*(KK«iM. 


^ 


Item 


i 


■JMlMk. 


.«u 


hm 


wardflf  I  wsB  peranaded  th&t  it  liad  r  '  -,  hr  k  Bnddea^i 

chatigc,  but  lud  existed,  tlioagh  in  it  _       .  &«>m  a  v< 

earlv  poriud." 

**Vnjiu  what  haa  been  &tatcd  above,  deduood  frum  ex[KTi- 
mcnt£  made  with  great  care,  it  ia  erident  that  tlio  ni&xitu  of 
luadiiig  bodies  wit£in  the  elastic  limit  baa  do  ft^uudation  in 
iiatiin; ;  but  it  will  he  coruidered  as  a  etxtipetiHtting  fact, 
thai  ntaterials  will  bear  for  au  indefimt«  period  a  macb 
greater  l<Mid  tban  luu  hitherto  been  oooceived. 

3&7.  *"  We  m»y  adroit,"  frotn  the  uieao  reenlta,  **  tliat  the 
strength  of  reutaugnlar  ban  ie  as  the  aqnare  of  the  depth." 

858.  Effbots  of  l^me  upon  the  Dcflectiona  caused  by  a 
Permanent  Load  on  the  Middle  of  Horizontal  Beiv,  The 
following  table  axhibits  the  resnlts  of  Kr.  Fairbaim>  experi* 
menta   on    this    point     The   experimenta    were  made  oa 
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bars  5  £e«t  lon^,  1.05  inch  deep ;  the  <Hie  of  cold  blast  inm, 
l.(t3  inch  bruao;  the  other  of  hot  blasts  1.01  bn.«d  ;  distance 
between  the  points  of  support  4  feet  6  inche&  The  ooDstar' 
VBJght  suspended  at  the  centre  of  the  bars  was  380  Iba.  Thv 
wc^t  retnaiaed  on  from  March  llcli,  1837,  to  Jane  d3d, 
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Dm*  e<  oCMnUtH. 

TMtr^ 
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359.  Hr.  Fairbaim  in  bis  Beport  reraarlis  nn  the  above 
and  like  results:  ^'The  hot  blast  bar  in  tliese  experiments 
beiu^  more  dedected  tiian  the  (X)ld  blast,  indicates  that  the 
paKieles  are  more  extended  and  oompreeeed  in  the  former 
mm.  with  the  same  weight,  tliau  in  the  latter.  This  excefis 
of  dedection  maj  in  some  degree  account  for  the  rapidity  of 
increase,  which  it  will  be  obder^ed  is  cuiislderablj^  greater  in 
the  h4it  Uian  in  the  oold  blast  bar." 

**  It  appears  from  the  present  state  of  the  bars  (which  indi* 
oate  a  slow  bnt  proerea&ive  iuureaso  in  the  defloottona)  that 
we  most  at  some  period  arrive  at  a  point  bejund  tUeir  l>eanng 
power? ;  ur  otherwise  to  that  position  wbidi  indicates  a  cor- 
rect adjustment  of  the  particles  in  equilibrinm  with  the  load. 
^Vhich  of  clie  two  points  we  have  in  this  instance  attained  ii 
difficult  to  determine ;  sufficient  data,  however^  are  adduced  to 
show  that  tlte  weights  are  considerably  beyond  tlie  elastio 
limit,  and  that  cast  iron  will  support  loads  to  an  extent  be- 
yond what  has  nsually  been  oonsiaerod  safe,  or  beyond  that 
point  whero  a  i>criiianent  set  tnkes  place." 

360.  Bffbcta  of  Temperature.  Mr.  Fairbaim  remarks: 
"The  infusion  of  heat  into  a  metallic  substance  may  render  it 
more  ductile,  and  pmbably  less  rigid  in  its  nature ;  and  I  ap- 
prehend it  will  he  fonnd  weaker,  and  less  aecnre  under  the 
efEocid  of  heavy  strain.  This  is  observable  to  a  ooiisiderahle 
extent  in  the  experiinents"  on  transverse  strength  "ranging 
from  26*  np  to  190"  Kahr." 

"The  cold  blalbt  at  26''  and  190^, is  in  strength  as  87-1 :  743 
The  hot  bbst  at  Se*"  and  190%  is  in  strength  as  811  :  781 
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Beinr  a  dimtuntion  in  tfrcngth  as  100  :  So  for  the  cold  lilAst,. 
and  foO  to  90  for  the  hot  blaet,  or  15  p«r  cent.  li%8  of  strength 
in  the  cold  blsAt,  and  teu  per  cent,  in  the  hot  blast'* 
"  A  nomber  o£  the  experiments  made  oa  Xa  3  iron  have 

S'tbo  extraordinary  and  not  nofreqnently  unexpected  resttlta. 
enerallj  ape&king,  it  U  an  iron  of  an'  irregular  character, 
and  pre»enta  lets  om^nmity  in  its  textrire  thau  either  tlic  first 
or  Mscond  qualities ;  in  other  respects  it  is  more  reteDtiTe^  and 
is  often  u«ed  for  giving  strength  and  tenacity  Co  the  finer 
metals." 

*'  At  212°  we  have  in  the  No.  3  a  mnch  greater  weight  sna- 
tained  than  what  is  indicated  by  the  No.  2  at  190** ;  and  at 
600"  there  appears  in  both  hot  and  cold  bhist  the  anomaly  of 
increased  strength  as  the  tem^ratiire  ta  advanced  from  boil- 
ing water  to  melted  lead,  arising  from  the  greater  strength  of 
the  No.  3  iron." 

36L  From  experiments  made  by  Major  Wade  on  American 
cast  iroi^and  b^'  Mr.  Fairbainton  Engliali  cast  iron,  it  appears 
that  the  tenacity  of  the  metal  is  increased  both  by  remefting, 
aod  by  prolonged  fubion  when  kept  in  their  certaiu  limits. 
It  also  appears  from  otlier  experiments  that  repeated  fusions 
occasion  a  heavy  waste  of  material,  and  that  if  either  remolt- 
ing  or  prolonged  fusion  be  carried  too  far  the  result  will  be 
an  iron  of  a  hard  and  brittle  qtiatlty. 

362.  Iniluenoe  of  Form  upon  the  TranHverae  Strength 
of  Cast  Iron  Beams.  Upon  no  point,  reepecting  the  strength 
of  cast  iron,  have  the  cxiicriincurs  of  Mr.  HodgKinaon  lea  to 
more  valuable  results  to  tiie  eiu^iiieer  and  architect,  than  npoai 
the  one  under  this  head.  Ilio  following  tables  give  the  roftnlta 
of  experiments  on  bars  of  a  uniform  crost-section  (tluis  X) 
vast  from  hot  and  cold  blast  iron.  The  bars  were  7  feet 
Vng,  and  placed,  fcr  breaking  on  sopports  6  feet  6  inciiAi 
asunder. 
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TaUa  exhUitmg  th^  JiesTtlis  of^ywrimentt  on  5oto  of  Uii 
Blast  Iron  of  the  form  oforosn  section  as  above. 


Exmnmn  L 

Eirmmaaon  B. 

imhKtm    ^r 

B*  AOM-a 

Btf  broka     ^^^^      MAnni 

wtlli  the  rtb  ilowBwud. 

wttb  ibe  i^ii  upward. 

Ti^telalU^ 

DeOBetlaQ  la 
tntttM. 

Srt. 

WdcUlnliM. 

DeOcctlaia  in 

Set. 

7 

.010 

Tibbie 

7 

_ 

DOt  TlalU* 

14 

.(as 

.001 

14 

.OSS 

visible 

81 

.0-ia 

.003 

21 

.046 

.009 

»8 

.064 

.004 

28 

.065 

.006 

06 

.lao 

.005 

08 

.184 

.006 

118 

.273 

.OSO 

113 

.aTO 

.016 

198 

.444 

.08S 

£34 

.690 

.068 

SH 

.618 

.006 

38S 

.895 

.101 

160 

.HIS 

.006 

448 

1.324 

.ISO 

«86 

1.030 

.180 

660 

I.S86 

.886 

8M 

btoka 

— 

673 

1.0B8 

.880 

• 

_ 

784 

S.410 

.4M 

. 

V 

_ 

806 

8.4S0 

.789 

• 

• 

._ 

1008 

4.140 

1.040 

• 

— 

— 

lOM 

_ 

_ 

- 

- 

- 

1190 

broke 

- 

CI*lau£>  OiOtaUm  I.IS 

SbKfcM. 

tonu  Rjltif  o 

at.            y^    ^^ 

nta  MUoUmi  ISn. 

Jfote.  The  annexed  diagram  Bho\v8  the  ^ 
jfbnn  of  tJie  iiiiifuiin  croeB-sectioo  of  the 
bore.     The  Hucar  diineusiune  of  the  crues- 
Kction  in  the  two  expenmenta  wero  as  fol- 
lows;— 


Langtb  of  p4nllelo(imm  AB  6  Inohei ' 

Depth  "  AB  0.30    " 

Total  depth  of  bax CD  1.5S    " 

Bnihdth  of  rib DB  0,86   " 


£xpt. 


,..  6  EncbM') 
.  0.80  '*  I 
*-  1.36  "  f 
..  0866"    J 
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Table  exhihiting  Resulta  of  SxparimerUg  on  bars  of  CoU 
Blast  Iron  5  feet  long,  of  the  same  form  of  oroea  aedion 
at  in  pieeedmg  table. 


L 

] 

I. 

■sPBinmn  i 

IXWMMUtMWt  I 

BarfatDken     ^^^ 

with  lib 

Bwbnkan    ^^^       wlthnk 

downward. 

WdcUlnlbi. 

IMtocllonIa 

BM. 

TdChtlBllM. 

IMKttalB 

liMtei. 

■•L 

lis 

.08 

^ 

118 

.03 

^ 

2M 

.07 

_ 

234 

.07 

. 

88a 

.11 

_ 

836 

.11 

_ 

809 

.18 

.005 

448 

.15 

^ 

420 

.14 

.007 

S60 

.10 

.006 

448 

.16. 

.010 

616 

.91 

.010 

660 

.10 

.012 

672 

.28 

_ 

879 

.28 

.015 

728 

_ 

.OlS 

784 

.28 

.028 

784 

.27 

806 

.88 

.060 

896 

.81 

_ 

009 

.80 

_ 

1008 

.85 

1. 

060 

broke 

_ 

1120 

.80 

_ 

- 

— 

- 

1344 

.48 

. 

- 

. 

— 

1568 

.67 

_ 

— 

_ 

_ 

1792 

.87 

• 

— 

_ 

- 

2016 

.80 

_ 

- 

_ 

- 

2240 

.95 

_ 

- 

— 

— 

2296 

jtbon 

— 

- 

- 

- 

2352 

broke 

- 

DUiiMti  Atlhi^ini 

isa. 

Ulrlmate  dMlecdon  1.0& 
Fnctan  by  •  wedRa  bt««klnf[  oat  •■  la 

■ 

Ssparlment  B,  Hoc  BlMt. 

Note.  The  linear  dimenBions  of  the  cross-section  of  the  bars 
in  the  above  table  were  nearly  the  same  as  those  in  the  pre- 
ceding table,  with  the  exception  of  tlie  total  depth  CD,  which 
in  these  last  two  experiments  was  2.27  inches,  or  a  little 
more. 

363.  The  object  had  in  view  by  ilr.  Ilodgkinson,  in  the 
experiments  recorded  in  the  two  preceding  tables,  was  two- 
fold ;  the  one  to  ascertain  the  circumstances  under  which  a 
permanent  set,  or  injury  to  elasticity  takes  place  ;  the  other 
to  aacertaiL  the  effect  of  tlie  form  of  cross  section  on  the 
transverse  strength  of  cast  iron.  The  following  extracts  from 
the  Report,  give  the  principal  deductions  of  A&.  Hodgkiuson 
on  these  points. 

"  In  experiments  4  and  5  "  (on  hot  blast  iron), "  which  wera 
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on  longer  ban  than  the  others,  cast  for  tliis  piirpo«>c,  and  for 
another  mentioned  furtlier  on,  Uie  elasticity  (iu  Exj*.  4)  tvaa 
eensihly  iujiirod  with  7  !!».,  and  in  the  latter  (Expt.  5)  with 
H  Ibe^  tlif*  l>reat:inf;  weights  being  364  n«.,  and  1120  lbs. 
In  the  former  of  these  eases  a  set  was  visible  with  A,  and  tn 
the  other  wiih  ^  of  the  breaking  wi*ight,  showing  that  there 
is  no  weight,  howCTer  Bmall,  that  will  not  injure  the  clasti- 
dty.'' 

**  When  a  body  ib  snbjected  to  a  trausveree  strain,  some  of 
its  particles  are  extended  and  others  compreaeed;  I  was  de* 
sirons  to  aaeertain  whetlier  the  a1>ove  defect  in  elasticity  amw 
from  tension  or  compreBston,  or  bttth.  Experiments  4  and  5 
show  this ;  in  tlieae  a  section  of  the  casting,  which  was  nni* 

e 

form  throDghont,  had  the  form  X-    During  the  experiments 

the  broad  part  al  was  laid  horisontally  uj>on  sapports ;  the 
vertical  rib  c  in  the  latter  cxperiiueut  bcmg  upward,  in  the 
fuMiier  diiwnward.  When  it  waa  downwani  (lie  rib  was  ex- 
tended, when  upward  the  rib  was  compreseed.  In  botli  CSMS 
xe  part  aff  waa  the  fnlcrum  ;  it  waa  thin,  and  therefore  easily 

?xible ;  but  its  breadth  wug  nuvh  that  it  was  nearly  inex- 
teiisiblc  and  inetniipreaeible,  wjmparativelv,  with  the  vertical 
rib.  We  may  therefore  assnme,  tliat  nearly  the  whole  flexure 
vhiub  take«  place  in  a  bar  of  tbi&  form,  arises  from  the  ex* 
tension  or  compression  of  the  rib,  accordiiie  as  it  is  dow^nward 
or  iip\s-ard.  In  Expt.  4  we  have  extension  nearly  witliout 
Dompression,  and  in  Expt  5  compression  almost  without  ex- 
tension. These  ex]jeritnenta  were  made  with  great  care. 
They  show  that  there  is  but  little  difference  in  the  quantity 
of  sot,  whether  it  arises  from  tension  or  compression. 

"Tlie  set  from  conipression,  however,  is  usually  less  than 
that  frcim  extension,  as  is  seen  in  tlie  eommenccnient  of 
the  two  experiments,  and  near  the  time  of  fraiture  in  that 
submitted  to  tension.  The  deflections  from  equal  weights 
are  nearly  the  same  whether  the  rib  be  extended  or  compress- 
ed, hut  the  ultimate  strengihs,  as  ap|>ears  from  above,  are 
widely  different." 

364.  Form  of  Cast  Iron  Beam  1)681  adapted  to  Resist  a 
Transverse  Strain.  The  experiments  of  Mr.  liodgkinson 
on  ibi-^  t*iibje<;t,  pub  ished  in  iheMemoirjt  of  the  Literary  arut 
PhiloHifpfiwal  Society  of  Manv/u»f*r,  Srfond  SericMy  vol.  5, 
are  of  equal  interest  with  tlio&e  just  detailerl,  b\  th  in  theif 
general  results  and  practical  bearing.  From  these  experi- 
ments, the  oouclusiou  drawn  is  that  the  form  c)f  b<!am  in  the 
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annoxeH   dintrrnmfl  is  ihe  moet  favorable  for  rotlataTice   6p 
tmiBverBe  etrains. 


T\g.a. 


Fig.  b. 


"^ 


1 


Fig.  A 

Fie.  a  pepreseuta  the  plan,  Fig.  6  pNvy-m'j^ 

the  clcvniion,  nnd  Fijj.  c  tho  croBB  V^ 

ftection  (etilam'd)  at  the  middle  of 
the  beanu  From  tho  Fig».  it  will 
be  seen  that  the  beam  coiisista  of 
three  parts  ;  a  bottom  i[anvU  of  uni- 
form depth,  but  variable  bi-eadth, 
tapering  fmm  the  centre  towards 
tlie  exlnjinilies,  wliere  llie  jMiInts  T~~ 
of  support  would  lio  plarud  w>  as  to  ^ — '"- 
form  a  portion  of  the  common  parabola  on  eaeh  side  of  tlie 
axis  of  the  beam,  the  vertex  of  eadi  paral^ola  being  at  the 
centre  of  the  beam.  Tlie  object  of  this  form  of  tliitic-h  wait  to 
make  it,  according  to  theon*,  the  nirrnif^ftt.  with  the  same 
amonnt  of  material,  to  bear  a  weight  unifurmlv  diBtribtited 
OTcr  it.  Tho  top  flaiicb  ip  of  a  like  fonn,  but  of  much  small- 
er breadtli  and  depth  than  tbu  bottom  one.  T}io  two  are 
united  by  a  vertical  rib  of  nniform  depth  and  breadrh. 

The  following  are  the  relative  dimensions  of  tliis  form  of 
beam,  which,  from  experiment,  gave  the  most  favorable 
result. 

IKstuioe  of  snm)ort« 4  ft  S    InohMk 

Total  dflpth  of  bram 0  *'   H 


Brasdth  of  toi^  Uaiiob  ut  ocotra  of  beam. 
"  boltoDi  tluwh  '' 

V&ifons  depth  ot  top  fl*n6h 

bottom  daiiob. 

Thif^tncNi  of  vtrtfcal  rib 

Tot&l  aivn  ot  oroBB  section. 


8.W  " 
fl.M  " 
081  " 
O.M  " 
O.SflB" 
6.4  nqiur*  lo^. 


Walgbtof  bwm 71  Ibe. 

"This  beam  broke  in  the  middle  bj  compression  with 
26084  lbs.,  or  11  tons  13  cwU,  a  wodge  separating  from  its 
opper  side." 
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"The  weights  were  laid  gradually  and  slowly  on,  and  the 
beam  hai  borne  wiUiin  a  little  of  its  breaking  weight  a  con- 
nderable  time,  perham  half  an  hour." 

"Tlie  fttrra  ot  i!iu  iracture  and  wedge  is  represented  in  the 
Fip.  A,  where  eo/ia  the  wedge,  e/=6.1  inches,  ^n=3.9  inches, 
wijrle  enf^Si"*' 

"It  is  extremely  probable,  from  this  fractorc,  that  the  noii- 
Iral  jKiiiit  was  at  «,  tiie  vertex  uf  the  wedge,  and  therefure  at 
Jths  tlie  dopth  of  the  beam,  eint-e  3.9= J  x  S^-  nearly." 

The  relative  dimensions  above  given  wore  arrived  at  by 
"ooiutantlv  making  small  atiditions"  tu  the  bottom  flaueh, 
until  a  pumt  wag  rea(;hed  where  reAistaitee  to  coinpression 
cuuld  no  longer  be  sustained.  The  beams  of  this  fonn,  in  all 
previona  ozi>erimcut£,  having  yielded  by  the  bottom  flauch 
teariRK  a»uuder. 

"  The  great  strength  of  this  form  of  cross  section  is  an  in- 
disputable refutation  of  that  theory  which  would  make  the 
top  and  l)OtU>m  ribs  of  a  cast  iron  beam  cijual." 

**  The  form  of  cross  section  "  (as  abot'e)  "  is  the  best  which 
we  have  arrived  at  for  tlie  beam  to  bear  an  altimato  strain. 
If  we  adopt  the  form  of  beam  (aa  al>o%-e)  I  rhiuk  we  may 
(^niliileiitlv  ex^iect  to  obtain  the  same  strength  with  a  saving 
of  ayw&T^i  of  ^th  of  the  metal." 

365.  Jiuk^J'or  iUtermining  the  UUtmaU  Strength  of  Cast 
Iron  Se'im-a  of  the  above  Forms.  From  the  results  of  nis  oi- 
perimeots,  Mr.  Hodgkinson  has  deduced  the  following  very 
simple  formulte,  for  determining  the  breaking  weight,  in  tons, 
when  applied  at  tJie  middle  of  a  beam. 

Call  Uie  breakinjf  xveight  in  tons,  W, 

Oall  the  area  <.>i  tlie  cri>t>a  section  of  the  bottom  flAnuh,  taken 
at  the  middle  of  the  beam,  a. 

Call  the  depth  of  the  beam  at  the  middle  point,  d. 

Call  the  distance  between  the  supports,  /. 

Then 

when  the  beam  has  been  cast  with  the  bottom  fianch  upward 
and 

when  the  beam  haa  been  oast  on  its  side. 

The  working  etrain  on  cast  iron  beams  enhjected  to  direct 
Dompreasion  is  placed  by  most  antborltics  at  from  ith  to  ^tii 
of  the  crushing  weight,  when  the  beam,  a  colamn  tor  exam- 
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pie,  IB  not  subjected  to  violent  vibrations  or  fthr>c1cs.    In  th« 
oontrarv  i-ftfif^  iwrticiilarly  in  beams  subjected  to  n  traiiBveiW 
strain,  it  is  recommended  to  redncc  the  workiug  stmiu  to  -^ih  -, 
the  cniahin^  strain. 

886.  Efl^ot  of  Horizontal  Impact  upon  Cast  Iron  Bars. 
The  following  tables  of  experiments  on  tliis  subject,  and  the 
results  drawn  from  thorn,  are  taken  from  a  paper  by  Mr. 
Hodgkinson,  pnbliBhed  iu  the  /^'M  Report  of  the  Jlrituh. 
A»9ociaiion.  ^ 

The  bare  under  experiment  were  imjnn^d  npon  by  a 
weight  Biisiwndcd  freely  in  such  a  position  that,  hanging  ver- 
tacaUy,  it  was  in  contact  with  the  side  of  tlie  bar.  The  blow 
was  given  by  allowing  tlte  weight  to  swing  through  different 
ares.  Tlie  bars  were  so  citnfincil  against  lateral  supporta,  tliat 
tfaey  cotild  take  no  vortical  motion. 

Taf>ie  of  ex^irtK-nts  on  a  east  iron  har,  Kji.  6  tn.  fon^,  1  in. 
broad,  i  in.  thiiiky  weighing  7i  ihn.jjplaced  «wVA  the  broad- 
aide  aaatngt  lateral  supports  i  fl.  asunder,  and  im^nged] 
•upon  ly <XMt  iron  and  lead  baUe  loeighiny  8^  Ibs-f  noinginff- 
through  arcs  of  the  radixu  i'2/aet. 


Impact  wtUt  tada  ImU. 


ikHblrwl 


"  Before  the  experiinents  on  impact  were  made  upon  thii 
bar,  it  waa  laifl  on  two  hurizoiitjil  supiKirti^  +  feet  asunder,  and 
weights  gently  laid  on  the  iniddlo  bent  it  (in  tlie  same  direo 
tioD  that  it  was  afterwards  beut  by  impact)  as  below : 


28  Ib*.  bsDtii.STinob. 
60  lb«.    '*        .77  Inch. 


EU«tldt7  «  UttU  injued." 
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Talle  of  erperitnenis  on  a  ccut  iro^n  bar  7  /?.  lon^f  1.08  in. 
broad  aTid  1.05  Iti.  thicky. weighing  23^  w«.,  placed^  as  in 

preceding  cxpenmenUy  agatmt  svpports  tf  ft.  6  in. 
Mund/T,  ana  bent  hi/  impacts  in  the  7aid<Ile.  Inipinging 
bail  of  oavt  iron  weighing  20}  U/g,    liadiui  of  aret  16 

feet. 
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The  results  in  tJie  .'M  and  4th  cnlumne  of  tiio  above  table 
were  derived  from  allowing  the  ball  to  impinge  against  a 
wei^t  of  5G  lbs,,  huiig  so  as  to  be  in  contact  with  the  bar. 

"Before  the  experiments  on  impact,  tlio  beam  was  laid  on 
two  Hup|K>rts  G  ft.  6  in.  ustiudur,  find  was  bent  .78  iu.  hy  123 
lbs.  (inclnding  the  presBure  from  its  own  weight),  applied 
gently  in  the  middle. 


TaMee  of  eseperitneni*  on  two  caet  iron  hare,  4  fi,  6  in.  long. 
fuU  tficA  equar«t  weighii^g  14  Ibt.  10  os.  nearly,  placed 
agairuit  iru/>jn*rfg  ^feH  apart,  and  hajringrd  ujk/noffa 
iron  baU  weighing  44  /i«.     Madius  I'^ft. 
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Tile  rcsulU  in  tlic  Ut  of  the  above  tables  aro  from  ban 
Btruvk  ui  the  iimldlc,  tliuse  in  t)ie  3d  table  are  from  ban 
struck  at  ibe  middle  point  between  the  centre  and  extremity 
of  the  bar. 

Fn»m  Ibo  above  and  otlior  cxpcriiuonte  the  condusion  ia 
drawn,  "  tbut  a  iinifurin  beam  will  bear  the  liame  blow,  whethor 
struck  in  tlic  middle  or  half  way  botwcon  that  and  ime  end/' 

*'  Fmrii  all  tlio  exporimunts  it  nitpears  iliat  the  defleution  in 
nearly  as  the  trlmrd  of  t!ie  arc  fallen  tlirough,  or  as  the  velo- 
citv  of  impact." 

The  fuUuwiitg  conclnsiooa  are  drawn  from  the  exporiments.^ 

(1.)  '*  If  diffoi-oiil  bt>die&  of  equal  weight,  but  differing  uoi 
Biderably  in  hardnc««  and  elastic  force,  bo  made  to  strike  hori- 
zontallv  against  the  middle  of  a  heavy  beam  6upp«>rtcd  at  ita 
cnd»,  all  tlic  bodies  will  recoil  with  velocities  equal  to  one 
aniithor." 

(2.)  "  If,  afi  before,  a  beam  supported  at  its  ends  be  struck 
horizontallv  by  bodies  of  tlio  Bamo  weight,  but  diflforent  hard- 
ness and  cfa&tic  forcci,  tho  deflection  of  the  beam  will  be  the 
same  witichcvcr  body  be  need." 

(3.)  "Tho  quantity  of  recoil  in  a  body,  after  striking 
against  a  beam  as  u)m>vo,  is  nearly  eqnal  to  (though  somewhat 
below)  what  would  arise  from  tliO  full  varying  pre^uro  of  a 
perfectly  elastic  beam,  as  it  rooovored  its  form  after  deflec- 
tion." 

JVote.  This  liwt  coiipliiaion  ia  dniim  from  a  comparison  of 
the  results  uf  experiment  witji  (hose  obtained  from  calcula- 
tion, in  which  the  beam  is  flssumod  aa  perfectly  elastic 

(4.)  "The  effect  of  Iwdio:}  of  different  natures  striking 

r'nst  a  haift,  flexible  beam,  tuiems  to  be  independent  of  the 
JciticM  of  the  bodies,  and  may  he  <;ah;uhLtod,  with  trifling 
error,  on  a  supiMwitjon  that  they  are  inel^tic." 

(5.)  "The  power  of  a  uniform  beam  to  resist  a  l)low  giver 
horizontally,  is  the  same  in  whatever  pari  it  is  struck.'* 

367.  I'niiii  The  resultfi  of  the  oxi>orimente  of  Me^rs.  Fair- 
bairn  and  llodgkinsun,  ou  the  propeitiee  of  cold  and  hot  blast 
iron,  it  appears  that  the  ratio  of  their  resistant  to  impavt  i«i 
1000  to  122<.»..1,  the  resifttaiiuo  of  cold  blast  bfiiig  rei>rcAented 
by  1000 :  ilie  resistance,  or  power  of  the  beam  to  bear  a  liori- 
Bontal  impact,  being  measured  by  the  product  of  its  breaking 
weight  from  a  tmnsvoree  strain  at  tJie  middle  of  tho  beam 
and  its  ultimato  defloration.  This  measure,  Mr.  Iloilijkiiison 
remarks,  "supposes  that  all  cast  iron  bars  of  the  snnm  dimen- 
aione,  in  our  experiments,  arc  of  the  same  weight,  aud  that 
the  deflection  of  a  beam  up  to  the  breaking  weight  would  be 
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ifi  the  pressure.  Neither  of  these  is  true;  ti.e7  are  only 
epprt  ximations ;  but  tha  difference  in  the  weights  of  cast  mm 
Imre  of  eij^unl  size  is  vcrv  little,  aiiJ,  taking  them  as  the  tianiej 
it  may  be  iiifei-red  froni  my  paper  on  m]>aec  upon  Beams 
{Fijih  lieport  of  the  British  Association)  lUat  tlic  aesuinp- 
tion  above  gives  rcgtilts  near  enough  for  praotiee." 


nvEKera  of  wbodobt  moir. 

This  material,  from  ita  very  extensive  applications  in 
BtniKtiii-es  where  a  considerable  ^nsile  foree  is  to  be  resisted, 
as  in  snspension  bridges,  iron  ties,  etc,  has  been  the  subject 
of  a  very  great  uumwr  of  experiments.  Among  the  many 
may  bo  cited  tJue^n  of  Telford  and  Hrowu  iii  Knylaiid,  Diilf»u 
in  France,  and  the  able  and  extensive  series  upon  plate  iron 
for  steam  boilers,  made  under  the  direction  of  the  Franklin 
Institute,  and  ]>ubli)ihed  in  the  I9th  and  ^th  vols.  {Nmo 
Jseri^a)  Lif  the  Jo-umal  uf  the  IitstUuie. 

368.  Resifltanoe  to  Tensile  Strain.  The  tables  on  the 
next  p«j;e  (exhibit  tlie  tensile  sii-ength  of  tins  material  under 
ordinary  temperatures,  and  in  the  different  states  in  which  It 
is  used  for  structures. 

It  is  rcuiarkcd,  in  the  Report  of  tlie  SubH^ommittee,  "that 
the  iidierent  irregularities  of  the  metal,  even  m  the  Wst  sjKJci- 
tneUb,  whether  or  rolled  or  hammered  iron,  seldom  fall  short 
of  Vy  or  15  per  cent  of  tlie  mean  strengtb." 

From  the  sanic  sories  of  experiineata,  it  appears  that  the 
.Strength  of  rolled  i>late  leng-hlhwise  is  abont  6  per  cent 
greater  than  its  streugtli  crosswise. 

In  the   Tenth  Jicptfrt  of  tiie  Britinh  Aaaodation  in  1S40, 
Ur.  Fairbaim  has  given  the  results  of  experiments  on  plate 
iron  by  Mr  ilod^'kinsMi,  from  which  it  appears  that  the  mean 
•trength  of  iron  plates  lengtlnvi^  is  22,02  toim. 
CrosBwiso  "  23.04     " 
Siii£;le-riveted  platM     '^  18,690  Iba. 
Double-rivuted  platee   "  23,S68    « 

Hepresentiiig  the  strength  of  the  plato  by  100. 

The  doublc-rivel«d  plates  will  be 70. 

The  singlo-rivcted  plates  will  be 5ft. 
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Tabie  exhaling  the  Strength  of  Square  and  Round  Bars  oj 
Wr&ught  Iron. 
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T«^29  exliifnling  the  Mean  Strength  of  BoUer  Iron,  per 
square  itwh  in  lha.y  out/rotnj/lates  vn(h  shears- 
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Professor  Barlow,  in  his  Rejp&rt  to  the  IHredors  of  the 
Tjmdon  and  Btrmitighafn  liailroad  (Jonrnal  of  Frenkliii 
Lmtitiitc,  July,  1835),  Btateti,  aa  tlie  results  of  hts  expcriineiita, 
tltat  a  bar  of  Tnallcable  iron  nno  inch  »}imro  ia  donated  the 
jTj-.fy^th  part  of  its  lenpflh  by  a  Btmiii  ui  one  ton  ;  tliat  gotxl 


roil  is  eloiiL^atud  tliu  yAr*'''  1'^''^  ^^  ^  strain  of  10  tons,  and 
V)T  tliia  Btraiii,  while  iiidLfferent  or 


bad  iron  is  in- 


ifl  injured 

jured  by  a  strain  of  8  tons. 

From  the  Report  made  to  the  Franklin  TtiAtitiitc.  it  aiipeara 
that  the  first  set,  or  permanent. elongation,  may  take  pKca 
under  very  different  strains,  varying  with  the  cliaractor  of  the 
material.    The  moat  ductile  iron  yields  pennanently  to  a  low 
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degree  of  fitraiu.  The  extrcmee  by  wliich  a  permanent  set  is 
given  vary  tetwocn  tlie  0.416  and  0.872  of  Uie  nltiinate 
Strength  ;  tho  menn  of  thirteen  aimparieons  being  0.641. 

From  the  able  f^riea  of  experimcnta  made  by  Mr.  ICirkaldy 
At  Glasgow,  on  the  tensile  strength  of  wrought  iron,  lie  liae 
arrived  at  the  ftillowing  general  concliiBiona  {KirkaMy, 
Ei^erim^iU  on  Wrought  Ir<m  and  StM,  2<f  Ed.,  1866) : — 

1.  The  breaking  strsio  doea  rwt  indicate  the  quality,  as 
hitherto  aseiinied. 

2.  A  high  breaking  strain  may  be  due  to  the  iron  being  of 
saperior  quality,  <Ien8«,  fine,  and  moderately  soft,  or  simply 
to  its  being  very  hard  and  unyielding. 

3.  A  hru}  breaking  strain  may  oe  dne  to  looeeneea  and 
coareeneea  in  the  texture,  or  to  extreme  eoftncsa,  although 
very  close  and  fine  in  qualitj*. 

4.  The  contraction  of  area  at  fracture,  i)reviouBly  overlook- 
ed, forms  an  eesential  element  in  estimating  the  quality  of 
e)>ecimeiis. 

5.  Tho  respective  merita  of  varioiis  specimens  can  be  cor- 
rqctly  aficertamed  by  comparing  the  breaking  nrain  jointly 
with' the  contraction  of  area. 

6.  Inferior  qualities  show  a  much  greater  variation  in  the 
breaking  strain  than  superior. 

7.  Gi-eater  differences  c^Iet  between  small  and  large  bar& 
in  coarse  than  in  fine  varieties. 

8.  The  prevailing  opinion  of  a  rough  bar  being  stronger 
than  a  turned  one  is  erroneous. 

9.  Rolled  bars  are  slightly  hardened  by  being  forged 
down. 

10.  The  breaking  strain  and  contraction  of  area  of  iron 
plates  are  greater  in  the  dii-eution  in  which  Uiey  are  rolled 
than  in  a  transven^  direction, 

11.  A  very  slight  difference  exista  between  specimens  from 
the  centre  and  Bjtecimens  from  the  outside  of  crankshafts. 

12.  Tho  breaking  strain  and  contraction  of  area  are  greater 
in  thoee  specimens  cut  lengthways  out  of  crank-shafts  than  in 
thnee  cut  cnjisswa^u 

13.  Iron,  when  fractured  suddenly,  presenta  invariably  a 
crystalline  apitearance ;  when  fractured  slowly,  its  appearance 
i^  invariably  hbroua. 

14.  Tlie  appearance  may  be  changed  from  fibrous  to  crys- 
talline by  niei-cly  altering  the  shape  of  apcuimon  so  aa  tc 
render  it  more  liable  to  snap. 

15.  Tlie  appearance  may  be  changed  by  varving  the  treat 
men',  so  as  to  render  tlie  iron  liarder  and  more  liable  to  snap 
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Ifi.  Tlio  appearance  may  be  changerl  bv  applying  the 
utrain  so  snddenly  as  to  render  tbe  specimen  more  liable  U 
Bnap,  fniin  having  lew  time  to  BtretciL 

17.  Iron  is  leea  b'able  to  suap  tbe  wore  it  is  worked  and 
rolled. 

18.  The  "ekin,"  or  outer  part  of  t!ie  ir^m,  is  somewhat 
harder  than  ibo  inner  parl^  as  shuwn  by  appearance  of  frac- 
ture in  rongb  and  turned  bars. 

19.  The  mixed  character  of  the  Bcrap-iron  osed  in  Urge 
forpinge  is  proved  by  tbe  singularly  varied  appearance  of  tno 
fractiirrs  of  specimonfl  v.ul  out  of  cmnk-fihaf(s. 

20.  The  texttire  of  various  kinds  of  wrought  iron  is  beauti- 
fnlly  developed  by  imraeraioii  in  dilute  hydrochloric  acid, 
wiiiuh,  iieting  on  the  surrounding  iropurilies,  exposes  tbe 
metallic  portion  alone  for  examination. 

31.  In  the  fibrous  fractures  the  tbreads  are  drawn  out,  and 
are  viewed  extemaHy,  whilst  in  the  crystalline  fractures  the 
threads  are  snapped  across  in  clnsters,  and  are  viewed  inter- 
nally or  sectionally.  In  tbe  latter  cases  die  fracture  of  the 
specimen  is  always  at  right  angles  to  tlic  Icugtb ;  in  tbo 
fru-mer  it  Is  more  or  less  irrcgumr;  fracture  is  nearly  free 
of  lufitre  and  unlike  the  crystalline  appearance  of  iron  sud- 
denly fractured  ;  the  two,  combined  in  the  same  spedmea, 
are  shown  in  iron  bolts  partly  converted  into  steel. 

22.  The  little  additional  time  required  in  testing  tboM 
specimens  whose  rate  of  elongation  was  noted  had  no  injn- 
noos  effect  in  lessening  the  amount  of  breaking  strain,  as 
imagined  by  some. 

23.  Tlie  rate  of  elongation  vanes  n>'tonly  extremely  in  dif- 
ferent-qualities, but  afoo  to  a  considerable  extent  in  spcci- 
mons  OT  the  same  brand. 

24.  The  specimens  were  generally  found  to  stretch  equally 
throughout  their  leugtb  until  close  upon  rupture,  when  they 
more  or  lew  suddenly  drew  out,  usually  at  one  jmrt  »nily, 
Bometimes  at  two,  and,  in  a  few  exceptional  cases,  at  three  dif- 
ferent places. 

iiS.  The  ratio  of  ultimate  elongation  may  be  greater  in 
(hort  tban  in  long  bars  in  some  descriptions  of  iron,  whilst 
in  others  the  ratio  is  not  affected  by  difference  in  the 
length. 

26.  The  lateral  dimensions  of  specimens  forms  an  impor- 
tant clement  in  comparing  either  the  rate  of,  or  tlie  nltimate 
elongations — a  circumstance  which  lias  been  hitherto  over- 
looked. 

27.  Iron  bolts,  case-liardened,  bore  a  less  breakuig  etiiUr 
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Uun  wlien  whully  iron,  owing  to  the  superior  ienat-ity 
of  the  snialt  pnjpurticai  of  «tecl  Ixniig  more  tliaii  counter 
hiUmoed  bv  the  greater  ductility  of  the  renuuuiag  portion  of 
favu. 

85.  Iron  highly  heated  and  suddenly  cooled  in  water  ia 
hardeiiod,  and  the  breaking  strain,  when  gradually  a])pliedf 
iiicreaec'd,  hut  at  tlic  same  tirae  it  is  rendered  more  liable  to 
Biiau. 

29.  Iron,  like  steel,  la  Roftcncd,  and  tlie  breaking  atrain  re- 
^diiccd  by  being  heated  and  allowed  to  cool  slowly. 
[    30,  Iru»,  subjected  to  the  coUl-ruUing   pRXM3ftS,  has   ila 
F'lrrcHkiiig  strain  greatly  inuroaeed  by  being  made  extremely 

hard,  and  not  by  being  "  consolidated,''  as  preWouelj  aup- 

poKcd. 

31.  Specimens  cut  ont  of  orank-ehaft  are  improved  by 
additioiial  hanimeiing. 

32.  The  jijal^'auiziiig  or  tinning  of  iron  plates  produces  no 
«eu«ible  cficcle  uu  pUitos  of  the  thickness  exi>cnmonled  on. 
The  i^flullA,  however,  may  be  different  fihould  tlie  plates  be 

^"BXtrenicly  thin. 

33.  The  breaking  strain  is  materially  affected  by  the  alrnpe 
of  tlicspeciuien.  Thus  the  amoimtlxirue  wa»  miicli  low  when 
the  diameter  was  unif<irni  for  boidc  inches  of  the  k-iigth  tlian 
when  amfined  to  a  small  portion— a  peculiarity  previously 
uiiattcertaiiied  and  not  even  sii8pc<;tod. 

34.  It  is  neceffiary  tu  know  correctly  the  exact  conditions 
nnder  which  any  teste  are  made,  before  we  can  equitably 
compare  nwults  obtained  from  different  quarters. 

.35.  The  htjirtling  dist^repancv  between  exj>crimenta  made 
at  the  Royal  Arecnal,  and  oy  tfie  writer,  is  due  to  tlio  differ- 
ence in  the  t^hapc  of  tlie  respective  gpcciiDcns,  and  not  to  the 
difference  in  the  two  testing  machineg. 

86.  In  Bci-ewed  bolts  the  breaking  strain  ie  found   ti>  be 
Iweater  when  old  dies  are  used  in  ttieir  formation  than  when 

Uie  diea  are  new,  owing  to  the  iron  becoming  harder  by  the 

cater  pressure  i-cqnii-od  in  forming  the  eerew  thread  when 
dies  are  old  and  blunt,  tlian  when  new  and  sharp. 

37.  The  strength  of  Bcrow-Iwlts  is  found  to  be  in  propor- 
tion to  tlicir  relative  arunfi,  there  being  only  a  slight  dinerence 
iu  favnr  of  the  smaller  compared  with  thc'larger  sixes,  iiititead 
uf  the  very  material  difference  prcvionalv  imagined. 

SS.  Screwed  bolts  are  not  uecessfunly  injured  althongl) 
lliaincd  nearly  to  their  breaking-prjint. 

39.  A  great  variation  exists  iu  the  strength  of  ipoo  bare 
which  have  becu  cut  and  welded ;  whilst  some  bear  almost  u 
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niueli  as  tbe  unc  it  bar,  the  stiengtli  of  utheif  u  reduced  foUj 
a  third. 

40.  Iron  ig  injured  hy  being  brought  to  s  white  or  welding 
hvat  if  not  at  tbc  Hame  time  hammered  or  rolled. 

41.  Tlie  brL'altiti^  strain  iseonnidorablv  lew  when  the  strain 
is  applies]  liuddenly  instead  of  gradually,  though  some  have 
imagmed  that  the  reveree  is  the  caae. 

4^.  The  contractiou  uf  area  is  aWi  le&a  wlien  the  strain  is 
saddeiiU'  auplied. 

43.  Tlie  oreabing  etratn  is  reduced  when  the  iron  !e  frozen; 
with  the  strain  gradually  applied,  the  difference  between  a 
frozen  and  unfrozen  bolt  ie  lesaened,  as  the  iron  is  warmed  by 
the  drawing  out  of  the  Bpeeimen. 

44.  The  amount  of  heat  i]eveh>pcd,  is  oonBiderable  when  the 
epectirieii  \»  middeiily  stretched,  as  shown  tn  the  formation  of 
vapor  fi-oiii  tlm  niultiiig  of  the  layer  of  ice  on  one  of  the  gpe- 
cimeiis,  and  also  bv  the  surface  of  others  aaenming  tints  of 
various  shndee  of  blue  and  orange,  not  only  iu  steel,  but  aloo^ 
allliongh  in  a  lefis  marked  degi-ec,  in  iron. 

45.  Tlie  Ppeclfic  gravity  is  fonnd  generally  to  indicate 
pretty  wrrectly  the  qualitv  of  BpecimcuB. 

46.  The  density  of  Injn  is  d^r^zs«d.  hy  the  process  of  wire- 
drawing, mid  by  the  similar  process  of  cold-rulling,  instead  of 
inavamul,  as  previimsly  imagined. 

47.  The  density  in  Br>riio  descriptions  of  iron  is  also  de- 
creased by  additional  hot-rolling  in  tiie  ordinai-y  way ;  in  otheiv 
tbe  density  is  very  slightly  increased. 

49.  The  density  of  iron  is  decreased  by  being  drawn  oat 
under  a  tensile  strain,  instead  of  increased,  as  oelieved  by 
Bome. 

The  breaking  strain  per  square-inch  of  wrought  iron  iti 
generally  slated  to  be  RDout  twenty-five  tons  for  hars,  and'' 
twenty  tons  fi»r  plates.     This   oorrespondft  very  nearly  with 
the  results  of  the  writer's  experimentts,  of  which  the  follow- 
ing table  presents  a  condensed  sitmnmr}' : — 

188.  Bftn,  roUod 69.848  44.584  &7.M5    =in% 

7S.  JLDste-Uoa,  etc 03.715  37.(MW  54.739     =84^ 

1117.  PlAtM,  lengthwkM 82,544  37,474  S0.7S7  I      «,. 

180.  PbtM,eroM«n7« 60,758  33.450  40,171  f -^'* 

Although  the  breaking  strain  is  generally  nggumed  to  be 
about  tweuty-tive  tons  for  bars,  ana  twenty  tons  f(>r  plates. 
veryp«at  rfifference  of  opinion  exists  as  io  the  amount  of 
working  strain,  or  the  1  >au  whicli  can  with  safety  be  applied 
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in  acfnal  piActiue.  The  latter  is  vartonaly  stated  at  from  a 
third  lo  ft  t^nth.  It  will  be  observed  that  whilst  much  dia- 
cnssion  has  aritton  as  lo  the  amount  of  working;  strain,  or  the 
ratio  tiie  toad  should  bear  to  that  of  the  breaking  strain,  the 
important  circnrastance  of  the  quality  of  tlie  iron,  as  in- 
Incnciiiff  the  working  strain,  has  been  overlooked.  The  Board 

Tmdt!  limits  die  htraiii  to  5  tj>na,  or  ]lj200  lbs.  per  eqaare 
inch. 

It  mu»t  be  abundantly  evident,  from  the  ^ta  which  have 
been  produced,  that  the  breaking  etroin,  wh»i  taken  alone, 
gives  a  false  impremion  of,  instead  of  indicating,  the  real 
qimlir^v  of  the  in>n,  as  the  experiuients  which  have  been  in* 
Btittited  revetil  the  Bomcwbat  startlino;  fact,  that  frcqiiontly 
the  inferior  kinds  of  iron  aotually  viela  a  higher  result  than 
the  superior.  The  reason  of  this  difference  was  shown  to  be 
duo  to  rhe  fact  that,  wliil^it  the  one  quality  n;taiiied  ita  ori- 
ginal area,  only  very  slightly  decreased  by  the  strain,  the 
odier  was  reduced  to  less  tlian  one-half.  Now,  surely  this 
variation,  liitherto  unaccountably  completely  overlooked,  is  of 
hM|w)rtanre  aA  indiL-ating  the  relative  hurdnee*  or  softneee  of 
tlie  material,  and  thus,  ii.  i»  submitted,  forms  an  essential  ele- 
ment in  oon«iderin<^  tlie  safe  load  thai  can  be  practically 
ai'nlied  in  various  structures.  It  must  be  borne  tn  mind  tU&i 
altiiongh  the  sc.ftnes*  of  the  material  has  the  effect  of  lessen- 
ine  the  amount  of  the  breakitvg  strain,  it  has  the  very  opposite 
effect  as  regards  the  xoorhing  strain.  This  holds  good  for 
two  reasons :  fir«t,  the  sufter  tlie  iron  the  lew  liable  it  is  to 
snap ;  and  second,  tine  or  soft  iron,  being  more  uniform  in 
quality,  can  be  more  dc].»cnded  upon  in  practice.  Hence  the 
lf»d  which  tJiis  descripliou  of  ir*jn  can  suspend  with  safety 
may  apprt>ach  much  more  nearlv  the  limit  of  its  breaking 
strain  ihan  can  be  atlenipled  witli  the  harder  or  coarser  sorta, 
where  a  greater  margin  mn&t  neccesarily  be  left 

£>pcoial  attention  is  now  solicited  to  the  practical  use  that 
may  he  made  of  the  new  mode  of  comparisun  introduced  by 
the  writer,  viz.,  Uie  breaking  strain  per  aqtmre  inch  of  tM 
fract  ured  area  of  tk*  specitnen,  instsm  of  the  hroaking  strain 
per  square  inch  of  the  orujirud  area, 

As  a  ueoewarv  c*.>rollary  to  what  he  has  just  endeavored  to 
eetablisli,  the  writer  now  submitfi,  in  addition,  lliat  the  uv>r^ 
Inq  strain  should  be  in  proportion  to  the  breaking  strain  per 
Hcpmre  inch  of  f  racturea  area,  and  not  to  the  breaking  strain 
per  (tquare  inch  of  original  area,  as  heretofore.  lie  does  not 
preeume  to  say  what  uiat  ratio  should  be,  but  he  fully  main- 
tains that  some  kinds  of  iron  experimented  on  by  hiia  wil' 
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•nVfthi  witli  fiafotv  more  than  double  the  load  that  olhers  car 
snsiKJiid,  e=|'ecialfv  in  circuiiifitajiff«  where  ihe  load  is  im- 
eteAdy,  end  tho  structure  exposed  tu  concuMions,  as  iu  a  sliip, 
or  to  vibrntorr  action,  as  in  a  railwny  bridj^o. 

569.  Reslstanoe  to  Compreftsive  Strain.  But  few  ex- 
poriiiK'iits  liave  been  publislied  on  the  reeislnnce  of  thii 
mnterial  to  rotiiprcfafifin.  Hondelet  statcit  thur  it  cimiuienros 
to  vield  under  a  uiessui-e  of  aliout  70,S0O  Uw.  |ier  squnru  inch, 
and  tliat  when  tfie  altitude  of  tho  dpeeinien  tried  in  greater 
iJian  llirue  times  tlie  diameter  of  the  Ijose  it  yields  by  bending. 
Mr.  Ilodgkinfion  state*  that  the  cirrnriietftm-oe  of  ir«  ruptnro 
from  crushing  indicate  a  law  similar  to  what  obtains  in  cut 
m»n. 

Tlie  same  nile  fur  proportioni»g  the  working  etnun  to  the 
cmshing  ettrain  in  followed  in  wronght  iron  eabjccted  to  com-. 
prei<bion  as  in  cast  iron. 

Resistanoe  to  a  Transverse  Strain.      Tlio    foUoivinf  j 
tables  exhibit  the  circiunetancesof  detlei^tion  from  atraneveree 
strain  on  bans  laid  on  horizontal  supports;  tho  weight  being 
applied  at  the  middle  of  the  bar. 

The  table  I.  gives  Iho  results  on  bars  3  inches  square,  laid 
on  supports  33  inches  asunder;  table  II.  the  results  on  ban 
S  iacoM  deep,  1.9  in.  broad,  bearing  as  in  tabic  I. 


Tab:.b  I. 


Table  H. 
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The  alxive  experiments  were  made  by  Pmfcasor  Barlow, 
and  published  in  \m  report  nlrewdy  citc<l.  He  remarks  on 
tlie  resultg  in  Table  IL,  that  the  elasticity  was  injured  by  3.50 
IttfiB  anil  deslroved  by  S.i'iO  Utn&. 

870.  Trials  were  made  to  ascertain  mechanieally  the  noei- 
tion  of  the  neutral  a.xie  on  tho  croae  section.  IVtfeseor  Hor- 
htw  remarks  on  these  trials,  that  "  the  measurements  obtained 
in  theae  eiperimenta  being  tension  1.6,  compression  0.4,  ipv 
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inK  exactly  the  ratio  of  1  to  4  in  pectan^nlar  bars.  Those  re- 
sults seem  the  most  p<:«itivB  of  any  hithorto  obtained ;  RtiU 
there  cmi  Yg  little  limibt  tliia  ratio  varies  in  iroa  of  different 
qualitieti;  but  looking  to  the  prccediiijr  experimouts,  it  is 
ppolwblv  alwa^is  fiitin  1  to  3,  to  1  to  5," 

371.  Effects  of  Time  on  the  Elongalion  of  Wrought  Iron 
firomaConstant  Strain  of  Extension.  M.  Yicatbas  given, 
in  the  Anrutit*  de  Chimin  et  de  Pkyni^ue,  vol.  54,  some  ex- 

Kriinents  on  this  point,  made  un  iron  wires  Mrhicli  liad  not 
en  fttniealed,  by  subjec-ting  four  wires,  respectively,  to 
Btraina  amoimtiiig  to  the  J,  tlie  i,  the  ^,  and  J  or  their  tensile 
strength,  during  a  peri<>d  of  33  inontlis. 

From  the  results  of  these  experimenta  it  appears,  that  each 
wire,  immediately  npt^n  the  application  of  the  strain  to  which 
it  \raa  subjected,'received  a  certain  amount  of  extension. 

Tlio  first  wii-c,  which  was  subjected  to  a  etraiu  of  ^th  its 
tensile  strength,  was  found  at  the  end  of  the  time  in  qneBtion 
not  to  have  acquired  any  increase  of  extension. 

The  second,  submitted  to  id  its  tensile  strength,  was  elon- 

fkted  0.027  in.  per  f<K)t,  independently  of  tlie  elongatiott  it  at 
isl  received. 

Tlie  third,  subjected  under  like  circumstances  to  a  strain  of 
^th  its  tensile  streiisth,  was  elongated  0.40  in.  per  foot,  bo- 
sides  )t£  first  elongation. 

The  fourth,  similarly  subjected  to  Jtlis  the  tensile  strength, 
was  elongated  O.OCi,  besides  ita  firat  elongation. 

From  observations  made  during  the  exporiments,  it  was 
fonnd  that,  reckoning  from  the  time  when  the  first  elongations 
Ux»k  place,  the  mpidity  of  the  subeeqnent  elongations  was 
nearly  proportional  to  the  times ;  ana  that  the  elongations 
Irom  strains  greater  than  ^th  the  tensile  strength  are,  after 
equal  times,  nearly  proportional  to  the  strains. 

M.  Yioit  roiiiarKS  in  suhstance,  upun  the  results  of  these  ex- 
|>priment8,  that  in>n  wire,  when  not  annealed,  commences  1^ 
exliibit  a  permanent  set  when  stibicctcd  to  a  strain  hetween  the 
J  and  J  of  ita  tensile  strength,  ana  that  therefore  it  is  rendered 
probable  riiat  the  wire  ropes  of  a  suspension  bridge,  which 
should  be  subjected  to  a  like  strain,  would,  when  the  vibratory 
motion  to  wliidi  such  stnictiires  are  liable  is  considered,  yield 
oongtantly  fi-om  year  to  year,  until  they  entirely  gave  way. 

M.  Vicat  further  remarks,  in  substance,  that  the  measure  of 
the  resistance  offered  by  materials  to  stmins  exerted  only  sriuie 
minutes,  or  hours,  is  entirely  relative  t^i  tl»e  duration  of  the 
experiments.  To  ascertain  the  absolute  measure  of  this  re- 
wtaaoe,  which  should  servo  as  a  guide  to  Uie  engineer,  tlu 
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materia.^  ought  to  be  sabjected  for  Bome  months  to  atnuiu  i 
while  obeernitioiiB  should  be  made  dming  this  period,  with 
accurate  instruments,  upon  the  mamier  in  which  they  yield 
under  these  strains. 

The  JbUoioing  tahlea^  on  the  comparative  strength  of  irony 
steel  and  hemp  rope  are  taken  jrom  Stone^s  vaork  on  the 
Theory  of  StrainSf  VoL  II.  The  toeights  are  given  in 
English  units. 
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The  foHo^n^  reenlts  were  computed  from  experimenta  by 
the  late  J.  A.  K>cbliug,the  eminent  engiDeer  of  rho  Niaga^^ 
Cincinnati  aiid  other  siiepeuBJoD  bridges,  on  the  oomparetive 
Btront»lh  of  iron-w-iro  rnpo  niul  of  homp  rnpa  Tlie  breaking 
weight  being  in  tons  of  2,0i.K>  lbs. 
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J^oU.  Nob.  1»  2>  3|  wore  made  of  what  is  known  as  fine 
wire ;  Not  4^  5,  of  coarse  wire. 

372.  Eflfbots  of  Temperature  on  the  Tensile  Strengtb 
of  Wrought  Iron.  Tlic  cxi>criniciit&  made  under  the  direo- 
tion  of  the  Fnuiklin  Institute,  ulrcadj  noticed,  have  deveK)ped 
some  very  miritms  facta  of  an  auoiiialous  character,  with  r& 
apect  to  the  effect  of  &u  increase  of  tamperntiire  npon  the 
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strength  of  wrought  iron.  It  was  found  that  at  high  degniei 
of  heat  the  tensile  strength  was  greater  up  tu  a  certain  poiut 
llian  was  ^Iiibilcd  liv  the  eaiue  iron  at  oruinary  teiu]»eraturcs. 
The  Siib-coniniitiee  tn  their  Keport  remark :  "  Tliis  clrcum- 
stanc-e  was  noted  at  21^°,  SUS",  and  572°,  rising  hv  steps  of 
ISO"  cuch  fn)in  33°,  at  which  last  jmint  smiie  irials  have  been 
made  in  melting  it;e.  At  tlie  lughest  of  these  j>f»intg,  however, 
it  was  pcrccivca  that  some  specimcnB  of  tlie  metal  exhibited 
but  littV',  if  aiiv,  fcujwrJoritv  of  gtreugtli  over  that  which  thejr 
had  poeses^  when  uold,  wftile  others  allowed  of  being  heated 
ncarlv  to  the  boiling-point  of  mercurj',  before  they  manifested 
anv  decided  indications  of  a  weakening  effect  from  iucrcaso 
uf  temperature." 

"  It  hence  btx-Amo  apjtarent  tliat  any  law^  taking  for  a 
bapi^  the  strength  of  iron  in  itb  ordinary  condition,  and  at 
eoiinnun  tt*nii«iratnro8,  nnist  be  liable  to  great  mioertainty,  in 
r^rd  to  its  application  to  different  specnnens  uf  the  metal. 
It  was  evident  that  the  anomaly  above  referred  to  must  be 
only  HiipartMit,  and  tliat  ihe  temuMtv  actnally  exhibited  at  ST^", 
as  well  as  tJiat  whii:h  prevails  while  the  iron  is  in  the  state  in 
which  it  was  left  by  forging  or  rolling,  mnst  bo  below  ita 
maxinmm  tenacity." 

Fn«rii  the  ex]ieriment8  made  ujmmi  several  bars  of  the  samd 
irc>n,  it  appeared  that  their  "  maximum  tenacity  was  15.17  per 
cent,  i^rt-ater  than  their  mean  strength  when  tried  cold." 

Ca^ulating  the  maximum  tenacity  in  other  experiments 
fr>>m  tliis  standard,  the  Sub-committoe  have  drawn  up  the 
following  table  exliibiting  the  relutioits  between  diminutions 
fnini  tlie  inaxiiniun  ti-nacitv  and  the  degrees  of  tempi>rature 
by  which  they  arc  cauwid,  ri-om  which  the  ciu^*e  repreiientiiig 
the  law  of  these  relations  can  be  constnictcd. 

The  Sub-coniiniitt'e  ivmark  on  the  wjustniction  of  Uie  above 
table :  *'  As  some  of  the  experiments  which  fm-nished  the 
standards  of  cojujpariBou  for  strength  at  ordinarv  lemperaiiircs 
were  made  at  80  ,  and  as  at  this  jjoint  small  vanatiuns  with  re- 
s|)ect  to  heat  appear  to  affect  but  very  slightly  the  tenacity  of 
iroti,  it  was  conceived  that  for  practical  purposes,  at  least,  the 
calculatioiift  might  be  «»uinieni*d  from  that  point," 

•■'  It  will  be  found  that  with  tlie  exception  of  a  slight  anoma- 
ly Iwtween  520''  and  570°.  aiuoimting  to  — .08,  the  uuml>er8 
expreBniug  the  nitji.w  bet%Teen  the  elevations  of  tempei-ature, 
una  tlio  rfiminutions  of  tenacity,  constantly  increase  until  we 
reach  d'Ji",  at  which  it  is  2.97,  and  that  from  this  point  the 
ratio  of  diminution  decreases  to  the  limits  of  our  range  of 
trials,  1817°,  where  it  is  2.14     II  will  also  be  observed,  that 
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the  diminiitioa  of  tenacitv  at  032°,  where  the  law  cliatigcfl 
from  an  increasing  to  a  dec-reaeing  rate  of  diuiiimtiou,  ii 
lUniuet  preciacly  uuu  third  of  (Jie  total,  or  mammum  Btreugtli 
of  the  irua  at  ordinary  tein|)orat tires." 


TABLR. 


■&«{  lb««oin^ 

ObHmd  tem- 

ObmrtiA   Icm. 

vUeb  i«fat«MBUtlwdb 

pailaocL 

p«ftauM-«D*. 

mlnttUoA  at  i«nMHij  at 

1 

OflO' 

MO* 

.0788 

8.as 

a 

070 

480 

.0660 

8.17 

8 

806 

M6 

.0800 

9.88 

^8 

ton 

.11S8 

8.67 

770 

600 

.1037 

8.83 

8dl 

744 

.SDIO 

8.04 

093 

&>a 

.8-?a4 

8.97 

1030 

oso 

.4478 

8.DS 

nil 

1081 

.0014 

8.68 

10 

II&S 

107S 

.6000 

8.00 

11 

1887 

1187 

.oess 

SL41 

» 

1SI7 

1S37 

.7001 

8.14 
Ue«a  8.08 

From  tlio  meaii  of  all  the  rates  in  the  above  table  the  fol 
lowiug  rule  is  deduced :  "  the  thirteenth  power  oftJxe  ttmp^ 
atwe  ahov4  80*  is  proportionate  to  the  j\fth  power  of  the 
dimintUionJrom  t/ut  mammum  tenaoity. 

ProfesBor  W.  K  Johnson,  a  mcml)or  of  tlio  Snb-committeCj 
liaa  sinco  applied  the  results  devoloitcd  in  the  preceding  ex- 
periments Ui  praiMical  pnrjjoticfi,  in  imircaain^  the  tenacity  of 
wrought  iron  by  anhjecting  it  to  tension  iimfer  a  high  degrea 
of  teoiiHjraturo,  before  using  it  for  puqxwes  in  wliich  it  will 
have  to  undergo  considerable  Btroins,  as,  for  example,  in  chain 
cables,  etc. 

This  subject  was  brought  by  Prof.  Johnson  before 
I3oard  of  Kavy  Gimmiesioners  in  1841 ;  eubeeqnently,  expori- 
meuta  were  made  by  him  under  direction  of  the  Navy  Dei>art 
meuts  the  resultB  of  which,  aa  exhibited  in  the  following 
tftble,  were  published  in  the  Senate  Public  Docunumte  (1), 
28M  C'onarrss,  2d  SeMion,  p.  C41.     Dec.  3,  1844. 

Prof.  JohuBOQ  in  his  letter  remarks :  "  It  will  be  observed 
that  in  Uiwe  experiments  the  temperature  has,  with  avie  v  to 
economy  of  time,  been  limited  to  400**,  whereas  the  heat 
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effocte  of  the  process  have  generally  been  obtained  heretofore 
when  the  heat  h&e  been  as  high  as  575°." 

TaiU  of  ths  Ef€i^9  of  Thermo-imvion  an  tha    Tenacity 
and  £!longatiwi  of  Wrouf/ht  Iron. 


KDn>  or  noir. 

BtraoRth 
UttM. 

BtmRlh  •!' 
with  Thw- 

C'klnof 

HMOL 

TradogBT,  Ko.  1,  loand  ino 

Do.                      do. 
Ttodagar,  naiu*  Inr  iron 
Tredeg^Ti  No.  S,  round  inn 

BKliibarj,  roand  (Arae**) 

00 

00 
60 
08 
105.87 

71.4 
7S.0 
B7.3 
6^.4 
ISt.O 

6.5t 
ftSl 
6.77 

cses 

8.78 

19.00 
90.00 
13.00 
17.98 
14.  SO 

sa.5i 
aa.5i 

18.7? 
3810 
18.09 

3teaii, 

— 

— 

6.75 

16.64 

S2.40 

From  the  oxperiineiits  of  Mr.  Kirlialdy  it  ani>oarfl  that 
"  wrought  iron  is  injnrod  by  Iwing  brought  to  a  white  heat  if 
not  at  uic  same  titnc  hammered  or  rolled." 

Se^istUTux  of  Wrought  I  ton  arid  Steil  to  a  Shearing  Straiii. 
From  the  cxpcrimente  of  Mr.  Clark  on  plates  joined  by  a 
single  ^n^nght-iron  rivet,  and  those  of  Mr.  Kirkaldy  on  steel 
riveta,  it  appears  tliat  the  resistance  to  a  shearing  strain  of  the 
former  was  very  nearly  e<jiial  Jo  its  tensile  streni^h ;  and  for 
the  latter  that  it  was  abont  threo-fourths  <5  its  tensile 
itrength. 

373.  Resistanofi  of  Iron  Wire  to  Impact  Tlie  follow- 
ing table  of  experiments  gives  the  results  obtained  by  Mr. 
Hodgkinson,  by  suspending  an  iron  ball  at  the  end  of  a  wire 
(diameter  No.  17),  and  letting  another  iron  ball  impinge 
upon  it  fmm  different  altitudes.  The  siisj>etided  and  iniping- 
ii^  halls  had  holes  drilWd  through  them,  thront'h  which  tha 
wire  pa&sed.  A  disk  of  lead  waa  placed  on  tlie  su-ipeiided 
ball  to  receive  the  blow,  and  lessen  the  ret-oi!  fiYim  ciastirity. 

The  following  observations  are  made  bv  Mr.  Ilodgkinson : 
"To  ascertain  tlie  strength  and  ertensibilitv  of  tlils  wire,  it 
waa  bn)k6n  in  a  very  carefid  experiment  with  2521  lbs.,  bus- 
pendcfl  at  its  lower  end,  and  laid  gradnallv  on.  And  to  ob- 
tain the  increment  of  a  ]K)rtion  of  the  wire  (length  24  ft.  8  in.) 
when  loaded  by  a  certain  weiglit,  it  had  139  lbs.  hmu;  at  the 
bottom,  and  when  89  lbs.  were  taken  off  the  load,  uie  wire 
decreased  in  length  .39  inch. 
11 
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material^  ought  to  be  subjected  for  Bome  months  to  Btrains ; 
while  obeerrations  should  be  made  daring  this  period,  with 
accurate  iDstruments,  upon  the  manner  in  which  they  yield 
under  these  strains. 

Tk«  foUowvng  tables,  on  the  oomparaiwe  strength  of  vron^ 
steel  and  hemp  rope  a/re  tciken  Jrom  Stonet^s  work  on  tht 
Theory  of  Strains^  VoL  II.  The  weiffhts  are  gi/oen  in 
English  units. 
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4* 

Bi 
9" 
si 
7' 
7i 

8" 
84 

Bi 

10 

ii" 
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1 
1* 

u 
It 
u 

% 
SI 

2* 

St 
St 

8i 
H 

3i 
8* 

8* 

H 

A 
4* 

^ 

44 

4« 


1 

a 
s 

84 
4 
44 
5 

H 

7 

74 

8 

84 

9 
10 
II 
13 
IS 
14 
16 
18 
19 
180 


14 

at 


X 

.... 

'\\' 

.... 

1* 

n 

% 
24 

'ii" 

's" 

2 

a* 

2i 

94 

'si' 

.... 

a* 

»t 

54 

0 

04 

'si* 

"s" 

81 

» 

10 

12 
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6 
S 

IS 
Ifi 
18 
2L 
24 
ft? 
SO 
33 

d(i 

39 
42 
4S 

4« 
&l 
C'^ 
tH) 
65 
72 
TS 
S4 
»0 
&« 
108 
120 


a 

8 

4 

G 

a 

7 

8 
9 
10 
11 
IS 
18 
14 
IS 
1« 
IT 
18 
SO 

28 
28 

ao 

83 
39 
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aixsL,  Mun  r»0M  KAib-xvM  n  luaaa  »  ooi    Kw ' 


11 


•472 

aaso 

«088 
8136 
218S 
2184 
IWU 
1894 
1610 
1834 

1407 

lOlli 

830 

two 


118.471 
110..1(U 

II4,M9 
122.880 
100.084 
)«?,000 
1(W.770 
117.587 
1I1.7IS 
1:^0,403 

m,90(i 

121.679 
i:tl.0JJ5 

114.308 
170.740 
180,380 


I' 


10.16 

10.3S 

1121 

U.d 

10.2 

17  8 

17.14 

20.6 

20.6 

21.10 

S6.7 

33.6 
40.0 
54 
68.5 

88.17 


li 


0.8 


Leoflh. 


s.07)ia 

4J)7S 

4.9068 

5.1 

4.»1H4 

4.8646 

4.823 

4.St75 

4.8375 

4.96 

4.833 

4-9004 

6.U06 

5.078 

48854 

4.M7 


DTBn  trami. 


4-6. 

4-7;lai|e7 

4-7. 

4-«. 

4-8uid6-«. 

4-6  ud  6-9. 

4-10  ( no  MiniMltny 

4-10  }  between  lura  draws. 

4-7  and   7-10  oot   <limwn 

hud. 
4-8   aod  8-U    no*  'Irkwa 

bud. 
4-7;  7-10  and  10-12. 
4-7:  7-10  wid  10-13. 
4-7;  7-10:  19-12  and  13-14, 
4-7 ;  7-10 ;  10-13  and  18-lS. 
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1S20 
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IWt.DOfl 
lOf'.TnO 


14.75 
17.87 

17.75 


0.83 
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Laagtfc. 


5.0625 
5  036 
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Drftvn  firoBW 


4-8.    Dtawn  in  Oeonaaj. 
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CA8T-8TBEL,  PUSO  WIBB,      (M.  PflinJCAKIf,  SCBEXBEBa.) 
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n 
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14 

1400 
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h\ 

8.6 

i.m 

nealliuT    below 

15 

1009 

2(i:{.  1 1 ; 

70.8 

■i" 

1.8 

4.09 

10. 

15 

1078 

270,  HJO 

74.5 

1.6 

4.65fi 

fW 

774 

JMfl.TfX) 

06.0 

4 

1.6 

4.S 

*iin 

812 

;;k(.:i21) 

108.8 

i(S 

3.0 

4.866 

104 

784 

'J7:i..'i2.> 

104.8 

» 

1.2 

4.D 

1»* 

703 

201,576 

103.0 

H 

1.4 

4.76 

15S 


oiMt-nKXL.    (jomnon,  irsi'aBw.) 
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llTMkiiw 
BU»ixi. 


8SS0 
820S 
8160 


8ti*r«tb  p«r  Fmi  In  llM 


108,888 

100,000 
100,400 


H.67 

14.0 

14.6 
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AlMldt.iem.  of 
kflgth. 


Lhv"!- 


0niHH  Don. 


6.043 

0.0143 

&0QO 


4^1 

4-8tTttai 

4-8S 
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Past  In  tH* 
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8ii«l«h. 

kngtb. 

Lamh. 

Dnn  tram. 

S 

B 
9 

10 

2860 
2812 
2642 
1988 

187,001 

100.122 
108,606 
100,000 

17.6 

17.it 

17.6 

.22.0 

1} 
u 
i 

2 
1.8 

i.e 

1.4 

4.90 
400 
4.06 
4.927 

4^,  th'Qii  tem- 
pered uid  fin- 
iBh«d  la  1  bol*. 

4 

Tho  following  rraultB  wore  corapntod  from  exiHiriineiiUi  bj 
tho  lato  J.  A.  »iebUrig,tI»e  einiiienl  eiij^ineer  of  ihe  Niagara, 
Cincinnati  and  ottier  STispension  brid^jes,  on  tlio  comparative 
slrcncth  of  iron-wire  i-ope  and  of  liornp  rope.  Tlio  breaking 
voi^ht  being  in  tons  of  2,000  lbs. 


Xo. 


4.9 
8.91 

4.00 

S.08 


its 


li 


■jut»«  luck  la  l^oik 


29.8 
22.3 

2a.  8 

23.0 

23.8 


^^.  Ko«.  1,  2,  3,  were  made  of  wliat  is  known  aa  fins 
wire ;  .Noe.  4,  5,  of  coarse  wire, 

872,  Bffbots  of  Temperature  on  the  Tensile  Streagtfa 
of  Wrought  Iron.  Tho  experiments  ntade  under  ttio  direo- 
tion  of  tlio  Franklin  Institute,  already  no1iiK>d,  have  developed 
Eome  very  eurimie  facts  of  an  anomsloua  character,  with  r& 
opeot  to  the  effect  of  au  increaeo  of  tempemture  apoo  the 
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Btrcitgth  of  vroni^ht  iron.  It  was  found  that  at  high  degruei 
of  heat  the  teiisile  Btrength  was  {greater  up  to  a  cerraiii  point 
than  was  ^:hibitcd  by  tiie  eaiiic  iron  at  uraiuai-}*  tciui>eratures. 
The  &tib-LX)}niiiiltee  in  their  Report  rcDmrk:  "  This  eiruum- 
BtaTice  was  noted  at  212°.  392",  and  572*,  rising  by  Btcpe  of 
ISO"  t!»ch  i'niiii  3*2",  at  wliit;li  lu*it  |xiint  s«iuie  trials  have  been 
made  in  melting  ice.  At  tliu  liijiliest  of  tJicse  puinle,  however, 
it  was  pcrteiveu  tliat  eoiue  BpecimenB  of  the  metal  exliiblted 
but  h'ttie,  if  any,  superiority  of  strength  over  that  which  they 
had  rx^Aeiweil  m  hen  e(^>ld,  while  otliers  allowed  of  being  heated 
nearly  to  the  boiling-point  of  meix-ury,  before  they  manifested 
any  decided  indications  of  a  weakening  effect  iwm  iucreaae 
of  temperature." 

*•  It  lience  became  apparent  that  any  law,  taking  for  a 
basit;  the  Btreii^h  of  Iwn  in  its  ordinary  condition,  and  at 
commim  tenijicraturcR,  must  be  liable  to  emaX  uiiL-ertaiiiLy,  iu 
regard  to  its  a|j[jlic;ation  to  diffei-ont  specimens  of  the  metaL 
It  was  evident  that  the  anomaly  above  referred  to  must  be 
only  buparent,  ntid  that  the  toiuuntv  actually  exliibited  at  572°) 
as  well  as  that  which  prevails  while  the  iron  is  in  the  ^tata  in 
which  it  Tra*  left  by  forging  or  rolling,  must  be  below  its 
niaxiniiim  tenacity." 

Kr<<m  the  experiments  made  npon  several  bare  of  the  same 
iron,  it  appeared  tliat  their  ''  maximum  tenacity  was  15.17  per 
ocjit.  greater  than  their  mean  strength  when  tried  cold." 

Calculating  the  maximum  tenacity  in  other  uxpcnmenta 
frt>m  this  standard,  the  Subcommittee  have  drawn  up  the 
following  table  exliibiting  the  relations  between  diminutions 
from  the  iiia\iinurii  tenacitv  and  the  degrees  of  temperature 
by  which  tliey  are  caused,  from  which  the  cnrre  representing 
the  law  of  these  rtlatious  can  be  coustrnctcd. 

Tlie  Sub-committee  remark  on  the  cdiistniction  of  the  above 
table:  **  As  gome  r>f  the  experimcnlA  which  fiimished  the 
standards  of  c4.>njparisou  foi-  strength  at  ordiuary  temperatures 
were  made  at  SO  ,  and  bb  at  (his  point  small  variations  with  rc- 
Bjwct  to  heat  appear  to  affect  but  very  slightly  the  tenacity  of 
iron,  it  was  (^nccivcd  that  for  practical  purpose^  at  least,  the 
calculatioiift  might  be  w^nriiem-ed  from  that  point," 

"  It  will  be  f((und  that  with  the  exception  or  a  slight  anoma- 
ly between  520"^  and  570'',  amounting  to  — .08,  the  numljers 
exprewing  the  mtios  between  the  elevations  of  tenipomti.re, 
ana  the  diminutions  of  tenacity,  coiiAtautly  inureaso  until  wo 
reach  932°,  at  whiuli  it  is  2.97,  and  that  ti-om  this  point  the 
ratio  of  diminution  decreases  to  the  limits  of  our  range  of 
trials,  1317'*,  where  it  is  2.14     II  will  also  be  obeone^tbat 
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the  diminutioD  of  tenacity  at  032**,  where  the  law  changes 
h-oiu  au  liicroafiing  t-ii  a  decreaHinx  rate  of  diiiitiiutiun,  is 
ftlmofit  precisely  one-third  of  the  total,  or  maximvm  sD'eugth 
of  the  irou  at  ordinary  tcnipcraturoB." 


TABLK. 


OtiBRTvd  diml- 
ueitr. 

I>av«r  d(  th*  lnip«rmnn 

StwottbaoDOH 

ObMTTad  UCD> 

ObMnad   Ism- 

vbkh  ii|iiiiiit»Hi»di- 

■MfaCB. 

tmrnunb 

uniatm-io: 

MckpolM. 

B90' 

440* 

.OTga 

8.  SB 

070 

400 

.OSOfl 

8.17 

BM 

file 

.0809 

8.88 

Ma 

«8S 

.tios 

8.67 

170 

«80 

.1027 

8.65 

8M 

744 

.»010 

8.84 

88S 

8Aa 

.8%M 

887 

8 

1080 

990 

.4476 

8.08 

6 

nil 

1081 

.6614 

8.68 

10 

IIM 

107S 

.0000 

8.60 

n 

1S87 

1157 

M2i 

8^41 

li 

1S17 

UV7 

.7001 

8.U 
Mean  8.08 

From  tlie  mean  of  all  the  ratee  in  tho  above  table  the  fol< 
lowing  rule  is  deduced  :  "  tAe  tAirteanthpoieer  of  the  t^np^r- 
atvre  above  W  m  proportionaU  to  tKe  j{fth  power  of  tht 
diifnvnntxon from  Uie  nuaeimum  tenamiy. 

Profefiflor  W.  It  JohiiBon,  a  mombor  of  the  Sub-cominitteej 
has  since  a]jplied  tlie  reeults  developed  in  Uie  preceding  cx- 
penineute  to  practical  purpoftCSf  in  incrcasiuK*  the  tenacity  of 
wrought  iron  by  subjecting  it  to  tension  nnthjr  a  high  degree 
of  tempei-atiireji  before  uBiiig  it  for  purposes  in  which  it  will 
have  to  undergo  cuiuidorable  strains,  as,  for  example,  in  chain 
cables,  etc 

This  subject  was  brought  by  Prof.  JohnBon  before  the 
Ik)ard  of  Navy  CoraraicBi oners  in  1841 ;  subsc^jucutly,  experi- 
ments were  made  by  liiiri  uiuler  direction  ftf  the  Navy  Depart 
nients  the  reauUs  of  wliii^b,  as  exhibited  in  tlie  following 
table,  were  published  in  the  Senate  Public  Documents  (1), 
28t/i  Conorrre,  2d  Session,  p.  641.     Dec.  3, 1844. 

Prof,  Johnson  in  his  letter  remarks :  "  It  will  be  observed 
that  in  theoe  experiments  the  temperature  has,  with  a  vie  v  to 
economy  of  time,  been  limited  to  400°,  whereas  tlie  beet 


BTBENOTH    OK   ITROCOUT   IBOIf. 


161 


efiFecU  of  the  process  have  ffenerally  been  obtained  heretofore 
when  Ibo  heat  has  been  as  nigli  as  575°." 

TalU  of  the  JCfecls  of  Thermo-tentitm.  on  the    Tenaoky 
and  £i</n</aii&n  of  Wrov^M  Iron, 


KODOy  tMHC 

Smngtli 
ofeold. 

with  Ttwr- 

O-Inof 

Oatnof 

ttrvtiiithby 
Uutrartr 

BHtL 

TtK»l  tfJtm 

TndeKBT,  No.  1,  round  inm 

Do.                      do, 
Ikad^ftr,  •qa&ro  bar  iron 
Tndegkr,  No.  3,  ronml  iron 
8«UlbaT7,  roniKl  (Aia«*) 

00 

60 
60 
S8 

105.87 

n.4 

73.0 

67.3 

SS.4 

181.0 

6.51 

6.  SI 
6. 77 
5.  SOS 
8.7S 

19,00 
80.00 
13.00 
17,08 
14.80 

3.1.31 

au.5i 

18.77 

38,10 
18.03 

UeAu, 

— 

— 

5.75 

16.M 

S3.40 

From  tbe  experiments  of  Mr.  KirltiiUly  it  aiHwars  that 
"wrought iron  is  injiimd  by  boinj;  Iimught  to  a  white  boat  if 
not  at  Uic  iuiine  time  hammered  or  rolled.'* 

Resistance  of  Wrou<fht  Iron  and  Steel  to  a  Shearing  Strain, 
Prom  the  experimente  of  Mr.  Clark  on  plates  joined  by  a 
single  wronght-iron  rivet,  and  those  of  Mr.  Kirkaldy  on  Bteel 
riveta,  it  appcara  that  the  resistance  to  a  shearing  tftrain  of  the 
fonner  was  very  nearly  equal  to  its  tensile  strunj^h  ;  an<l  for 
the  latter  that  it  wae  about  tbroe-fuurlhe  of  its  tcn&ile 
Btrens^th. 

873.  Resistanoe  of  Iron  Wire  to  Impact.  The  follow- 
ing  table  of  experiinentB  gives  the  results  obtained  by  Mr. 
Hod^kinaon,  by  siiBpcndinp;  an  iron  ball  at  the  end  of  a  wire 
(diameter  No.  17)^  nud  lotting  another  iron  ball  impinge 
npon  it  fi-om  difForent  aUitndes.  The  sutiiwinled  and  inipiiig- 
ii^  balls  hiid  hulei^  drilled  thnmgh  tliem,  tlmmgh  which  rhe 
wire  pawed.  A  disk  of  lead  waa  placed  on  the  guspeiided 
ball  to  receive  the  blow,  and  leeeen  the  recoil  fmm  clastinity. 

The  followinff  observations  are  made  by  Mr.  Ilodgkinfiou : 
"To  ascertain  the  strength  and  extensibility  of  tliift  wire,  it 
waa  bMjkoii  in  a  very  careful  experiment  with  2521  Ibe.,  sus- 
pended at  its  lower  end,  and  laid  ^radnallv  on.  And  to  ob- 
tain the  incrctncnt  of  a  portion  of  the  wire  (leno;th  2i  ft  8  in.) 
when  loaded  by  a  certain  weight,  it  had  139  lbs.  hunc;  at  tlio 
bottom,  and  wfion  89  lbs.  were  taken  o£E  the  load,  me  wire 
decreased  in  length  .39  inch. 
11 
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paov  uicl  it  WM 

UnAth,  U  fn^ 
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**  Should  it  be  augcosted  tliat  the  wire  by  being  frequently 
impinged  upon  womd  i>orliflp8  be  ninch  weakened,  tho  author 
would  beg  to  refer  to  a  paper  of  hia  cm  Chain  JJridges,  Maru 
cke«ter  Memoirs,  2d  series,  vol.  6,  wliere  it  is  shown  that  an 
iron  wire  brr»kcn  1>y  pressure  several  times  in  situcc6t>ion  is 
verv  little  woakenea,  and  will  nearly  I>ear  the  same  weight  aa 
at  flrst/' 

"  The  first  of  the  preceding  experiments  on  wires  arc  the 
only  ones  from  which  the  in»\inium  can,  willt  any  appi-OAcli 
to  certainty,  Iw  inferred  ;  and  we  see  from  them  that  the  wire 
resisted  the  iinpuUion  with  the  ijreutest  effect  when  it  was 
loaded  at  bott*jiii  with  ft  weight,  whiuh,  added  t^i  that  of  (he 
striking  bndy,  was  a  little  more  tlian  one-third  of  the  weight 
that  would  I'treak  the  wire  by  pressure." 

"  From  tht-tic  L'xperiinentts  giMiumllv,  it  appTOrs  tliat  the  wire 
was  weak  to  bear  a  blow  when  lightly  loaded." 

*'  Tliesc  last  experiments  and  rL'uiarkB,  and  some  of  the  pre- 
ceding ones "'  (on  norizontal  impact),  "  show  clearly  tlie  benefit 
of  giving  eonsiderable  weight  to  elastio  structures  siibjci-t  to 
impact  and  vibration." 

374.  Resistance  to  TotbIod  of  Wrought  and  Ca^t  Iron. 
— The  following  table  exhibits  the  rranUs  of  experiments 
made  by  Mr.  Dunlop,  at  Glasgow,  on  ruiind  hare  of  wn)Ught 
iron.  The  twisting  woigUts  were  applied  with  au  ajiru  of  lever 
H  feet  2  Inchoa. 
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iMiCtli  «(  bwa 

DUBWtat  or  bw* 

Wdr^t  l«  Ita.  p<» 

kilaatiM. 

IbIinIm^ 

dHtss  inpMNb 

H 

8 

sso 

3i 

2i 

884 

8      • 

ii 

408 

S 

2f 

700 

4 

«i 

1170 

S 

8i 

1840 

6 

3| 

leoa 

B 

4 

1988 

0 

4 

91S8 

T<z£!d  ofKj^perimmiU  made  by  Mr.  O.  BennU  upon  CaH 
and  Wrought  Iron.    Weight  applied  at  an  arm  o/Uvttr  of 


IftTWftlAf- 


|jdd(tfa    ot 

bhttkBlD 


Bin  or 
kna>. 


lac  WifsU 


Inm  cHt  honzoDtaUy., 
hmiBoataUj, 


rarticallj... 

44 
il 

borizoatalijr. 


Wnmgnt  inn  {ISnglM). 
"  (AmiUA). 
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8^76.  Fbou  expcriraonta  made  in  Sweden  by  a  eoxernmont 
eonunuBton  it  appeai-s  tliatbotli  the  dnctility  and  the  fitreneth 
cf  Bteel  aod  iron  are  influenced  by  the  ajnount  of  carbon  thej 
oontaiu. 
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Tim  expcrimoQts  ahow  that  the  hardest  material  hiu  tho 
groateet  strength  both  before  and  after  a  peniiaiient  set  has 
taken  place  fr(.>m  the  force  employed ;  but  its  dnctilit;  ie  also 
the  least.  The  Bessemer  steel  m  tliose  oxpttrirmmtA  gave  the 
fiitno  results  as  the  other  processes  for  obtaining  steel,  the 
eame  \n^  irou  being  used  in  each  case.    * 

Tho  limit  for  the  ttinoiiut  of  carbon  for  the  Bessemer  steel 
is  from  1.3  to  1.6  per  cent.  With  a  larger  ainonnt  both  the 
strength  and  ductility  was  found  to  decrease.  When  the 
Buioiuit  of  carbon  does  not  exceed  0.4  per  cent,  the  ductility 
of  Hceaemer  steel  is  about  tlic  same  as  puddled  iron  from  tho 
Bame  pig  iron,  and  as  it  is  not  only  much  sti-onger  but  more 
dense  and  Ijomogcneoua  than  tho  puddled  material,  it  is  de- 
cidedly superior  fur  railway  pnr]n.isas. 

From  the  experiments  of  the  »iino  commission  that  tho 
strength  both  or  iron  and  steel,  subjected  to  strains  between 
the  extremes  of  temperature  of  boiling  water  and  freezing 
mercury,  was  greater  during  low  tlian  at  ordinary  tempera- 
ture*. 

Tho  cheaper  methods  which  have  been  introduced  into  the 
manufacture  of  steel  witliin  but  afewycarsjiast,  Imvebn^ujflit 
this  material  mtlun  tho  class  of  llie  ordinary  materials  for 
engineering  pn]-[X«es  ;  as  railroad  bars,  bridges,  etc. ;  and  has 
leu  to  a  very  extensive  scries  of  experiments  upon  its  resist- 
aii<»  to  tlie  usual  strains  uu  building  materials;  among  tho 
most  noted  of  which  are  those  of  Mr.  Fairbairn  and  of  Mr. 
lurkaldy. 

Tlie  results  of  Mr.  Fairbaini's  experiments,  Heport  of  th* 
BrhUh  AMiXsiiUion^  1867,  give  for  the  moan  rupturing  strain 
from  extension  10(1,848  lbs.  per  square  inch ;  and  for  com- 
predion  a  mean  rupturing  straiu  of  225,068  lbs.  per  square 
inch. 

From  the  same  seriee  of  experiments  upon  bars  deflected 
under  moderate  transverse  strains  the  coenicicnt  or  modulus 
of  elasticity  deduced  was  31,00(.VKM)  lbs.  per  square  inch. 

From  the  experimontsal ready  refon-od  to  by  Mr.  Kirkhldy, 
the  following  general  conclusions  were  arrived  at  :— 

1.  The  breaking  strain  of  steel,  wlien  taken  alone,  gives  no 
cine  t^ithe  real  qualities  of  \-arii>us  kinds  of  that  iiictal  (74). 

2.  The  conti-action  of  area  at  fracture  of  specimens  oi  stool 
must  be  ascertained  as  well  as  in  those  of  iron  4,74). 

3.  The  breaking  straiu,  Joinffy  with  tho  contraction  of 
area,  afFords  the  means  of  comparing  tlie  peculiarity  in  various 
lots  of  specimens  (74,  75). 

4.  Some  dcvcriptiona  of  stool  are  found  to  bo  vory  liard, 
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and,  conseqnently,  suitable  for  some  pnnx^BeB,  fihilst  otheit 
are  extrcTnely  eoft,  and  equally  auitabie  tor  other  uaes  (74y 
75,781 

5.  llie  breaking  strain  and  contraction  of  area  oi puddled 
steel  plates,  as  iu  iron  plates,  are  greater  in  tlie  direction  in 
whieli  thej  are  rolled,  whereas  in  cavt  Bteel  thej  are  less  (74, 
75). 

6.  Steel  invariably  presents,  'when  fractured  slowly,  a  silky 
fibroas  appearance. 

7.  When  fracture<I  suddenly  the  appearance  is  invariably 
granular,  in  nhich  cose  the  fracture  ia  always  atrigbt  angles 
to  tbe  length ;  when  the  fracture  is  fibrous,  the  angle  di> 
Tcrges  always  more  or  less  from  90". 

8.  Bteel  which  pre^'iously  broke  with  a  silky  fibrous  ap- 
peannce  is  chang^  into  granular  by  being  hardened  (141). 

9.  Steel  is  reduced  in  etreugtli  by  "being  hardened  in  water, 
while  the  strength  is  vastly  increased  by  being  hardened  in 
oil  (161,  1G2,  164). 

10.  The  higher  steel  is  heated  (without,  of  oonrse,  running 
the  risk  of  being  burned)  the  greater  is  the  increase  of  strength 
by  being  plnnged  into  oil  (161, 162). 

11.  In  a  highly  converted  or  hard  steel  the  increase  in 
strength  and  iu  hardness  is  gi-catcr  than  in  a  less  converted  or 
soft  Bteel  (161,  162). 

12.  Heated  steel,  by  being  plunged  into  oil  instead  of 
water,  is  not  only  ooiisidurably  naroitn^,  but  toughened  "^yv 
the  treatment  (162). 

13.  Steel  plates  hardened  in  oil  and  joined  together  with 
rivets  are  fully  equal  in  strength  to  an  unjointed  soft  plate, 
or  the  luBS  of  strengtli  by  riveting  is  mure  than  eoiuitei"- 
V)alAnced  by  tlie  increase  va  strength  by  hajtlening  in  oil 
(lfl3i 

14.  Steel  rivets  fully  larger  in  diameter  tban  those  used  in 
riveting  inm  plutes  of  the  same  thickness  being  found  to  be 
greatly  too  small  for  riveting  steel  plates,  the  probability  is 
suggested  that  the  proper  j>roportion  for  iron  rivets  is  not,  as 
generally  asBiiracd,  a  diameter  equal  to  the  thickness  of  the 
two  plates  to  be  joined  (163). 

15.  The  sbeann^  strain  of  steel  rivets  is  found  to  be  about 
a  fourth  less  tlmu  tlie  tensile  strain  (163). 

16.  The  welding  of  steel  l»ar9,  owing  to  their  being  ao 
easily  bnmed  by  slightly  overheating,  is  a  difficnlt  ^ind  uncer 
tain  o|>cr»tion  (181, 1&). 

17.  The  most  highly  converted  steel  does  not,  as  gome  may 
■nppoee,  possess  the  greatest  density  (196). 
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18.  In  caflt  Bted  the  density  is  mach  gre&ter  tlian  !n  pud- 
died  stct'l,  which  is  ovon  le&a  tlian  lusomo  of  the  superior  do 
ftcmitioiib  "f  wnnif;ht  iron  (106). 

From  expeniijente  niade  bv  Mnjor  Wade,  late  of  the  U.  8 
Ordnance  CV>r)H>,  tlic  foUuwiiig  results  were  obtaiued  for  tlia 
crushing  wcigbts  of  »»8t  iron  on  the  square  inch : — 

Kothftrd«a«d 198,M41Im. 

Hudened;  low  toraper , 8&4,M4  " 

B«rd«iicd;  mekn  Wtnper 881,085  " 

Hudoned;  high  temper 878,806  " 

From  contracts  made  bv  direction  of  Mr.  James  B.  Eads, 
chief  etipineer  of  (he  Illinois  and  St,  Ixniis  bridge,  at  St 
Lotiis,  IblTM4'iiri,  the  staves  of  tlio  arches,  the  pins  and  plates 
are  to  be  of  the  crucihU  cast  steel  of  conunerce.  Tliose  parts 
subjected  to  conippession  are  to  withatand  60,000  pounds  on 
tlte  Muaro  inch,  and  tliose  subjected  to  a  tensile  strain  40,000 
poanas  on  the  S(jnf^ro  inch  vrithout  permanent  set,  and  all 
must  stand  a  tensile  strain  of  100,000  pounds  on  the  square 
iauh  without  fracture. 

The  modtUus  of  elasticity  of  the  steel  not  to  be  less  than 
36,000,000  pounds,  nor  mora  than  30,000,000. 
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The  various  uses  to  which  copper  is  applied  in  oonstnio- 
tionR,  reiidi'r  a  kiiowU-dgo  of  its  resistance  under  Tai-ious 
cironmBtances  a  matter  or  great  interest  to  the  engineer. 

8*76.  Besistanoe  to  Tensile  Strain.  The  resistance  of  cv^ 
eopper  on  the  square  inch,  from  the  experiirenti)  of  Mr.  G. 
Bennie,  is  tJ.&l  tons,  that  of  wrotiffht  copper  reduced  per 
liauimer  at  15.08  tons.  Copper  wire  is  stated  to  bear  27.30 
tons  on  the  square  inch.  (  rum  tlic  exper  monts  made  under 
the  direction  of  the  FrankUn  Inetitutiy  already  cited,  the 
mean  strcn^h  of  rolled  sheet  copper  is  statx-d  at  14.85  tons 
per  square  inch. 

ResiManee  to  Compreesive  Strain.  Mr.  Remiie'a  experi- 
ments on  cubes  of  onc-fourth  of  an  inch  on  the  edge,  give  foi 
the  crushing  weight  of  a  cube  of  ca&t  copper  T^^IS  lbs,,  and 
of  wrought  copper  6,440  lbs. 
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3T7.  EfT^cts  of  Temperature  on  Tensile  Strengrth — 
Tliu  uxperinients  alrcaiJT  uited  u£  the  Franklin  Institute, 
show-  tliat  the  difference"  in  Btrengtb  at  tlie  lower  tempera- 
tures, as  l»utweeu  60*  uiid  90**,  is  scarcoly  greater  tban  what 
arineB  fmm  irrcgulftrities  in  the  structure  of  the  icctal  at 
ordinar)'  temjteratures.  At  550°  Fahr.  copper  loses  ona- 
fourth,  of  its  tenacity  at  ordinary  temperatures,  at  817"  prfr 
cihely  une-lutlf,  and  at  lOOO"*  iivo-tJiints. 

Ueprcftonting  the  reenlta  of  experiraonta  by  ft  cnrve  of 
which  the  ordiiiatca  represent  tlie  tomiwratnres  above  32^,  and 
the  al)scissa8  the  diminutions  of  tenacity  nriBing  from  increasa 
of  temperature,  tlie  relations  between  rJie  two  will  be  thna 
expreaeed :  tha  aquarea  of  the  diminxUi&na  are  aa  tk«  etUtes 
<if  (Ae  tempavUurM, 


IX. 


OTRENOTH   OF   OTHER   METALS. 

378.  Mb.  HErNNu:  states  the  tenacity  of  ocut  tin  at  2. 11  tons 
per  square  inch ;  and  Uie  resistance  to  uompreseion  of  a 
small  culie  uf  i  of  an  Incli  on  an  edge  at  966  lbs. 

In  the  same  experiments,  the  tenacity  of  cant  lead  is  stated 
at  0.81  tons  per  e^^juare  inch ;  and  the  resigtaiice  of  a  small 
cube  of  same  size  as  in  precedinj^  paragraph  at  483  lbs. 

In  tlie  name  expurinteuli,,  the  tuuauity  of  hai'd  gun-metal  is 
fctated  at  IG.23  tun« ;  Uiat  of  fine  yellow  braes  at  8.01  tona. 
The  reaistance  to  compression  of  a  cube  of  brass  the  same  aa 
before  mentioned,  is  stated  at  10,301  Iba. 


X. 


LmeAR  cosTHAcrroN  aito  EXPAxeTOjr  of  uktals  aito  otheb 

UATEBIAL8  FROU  TEXFBKATUKE. 

379.  Coeffloients  of  Iiinear  ExpanaioiL— The  change  of 
iength  which  takes  place  in  a  bar  of  any  material  estimated 
in   fracdoual  narts  of  ite  length  at  0°  C^itigrad^  for  ft 
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ohftnge  in  temporatnre  of  1**  Centigrado,  is  termed  the  co^ 
dent  of  linear  erpan^ion,  fur  the  material  in  question. 

The  increflse  in  length  for  utlier  changes  oi  tom{>ei'ature 
than  1°  is  given  by  the  foUowiug  formola: — 

/  =  KNL, 

in  whicli  L  is  the  length  at  0°  C. :  N^  the  nomber  of  degrees 
above  0°  j  K,  the  eocfficient  of  linear  exjtanuou ;  and  1  the 
Increase  of  length  due  to  N  degrees  above  d"  G. 


Tahia  of  Comments  of  lAnaar  Expansion  for  !•  0. 


Ducnipnos  or  lunuu. 


HBTALa 

Antimony i...... 

Bbmnth , 

Bian  (BappoBod  to  be  Hambaiv  plmta  bna) 

'*    (Englirt  plate,  In  funii  of  a  rod) , 
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0.  ID  ivroii;;lit  mm  will  prodtico  a  strain  of  one  ton  cf  2240 
IbB.  on  Uiu  Kciuaro  inch,  when  tho  two  enda  of  tlio  bar 
abut  tkgaiiiflt  a  nxcd  object. 


XI. 


1DBE8I0N  OF   IBOM  BPnEBS  TO  TIMBBK. 

380.  Thu  followinf^  tables  and  roaulls  are  taken  from  an 
articlo  by  Pmfessor  Walter  U.  Jolinaoii,  puliliBhod  in  the 
J&unuiJ.  of  tha  Franklin  /iixtUnte,  Vol.  19, 1837,  ^Tinc  the 
details  of  experimenta  made  by  him  on  apikca  of  various  ^rms 
driven  into  diflferent  kinds  of  timber. 

Thu  flnst  series  of  expurlmouts  waa  made  with  Burden*« 
plain  square  epike,  the  tlaiiched,  grooved,  and  swell  spike,  and 
the  grooved  and  ewullod  spike,  Tho  tirabor  was  aeaaoned 
Jersey  yellow  pine,  and  seasoned  white  oak. 

From  these  expenmenta  it  resiilts,  that  the  grooved  and 
iiwelled  form  is  about  5  per  cent,  leas  advantageous  than  the 
phtin,  in  yellow  pino,  and  about  IHh  per  cent.  »uj)erior  Uj  the 
plain  in  oak.  The  advantage  nf  scaAoncd  oak  over  the  soar 
Eoned  pine,  for  retaining  plain  spikes,  id  as  1  to  l.D,  and  for 
grooved  spikes  as  1  to  3.3T. 

The  second  senee  of  experiments,  in  which  the  timber  was 
soaked  in  water  after  the  spikes  were  driven,  gave  the  follow- 
ing resnlts  : — 

For  swelled  and  grooi^od  spikes,  tlic  order  of  rotentivcncas 
waa:  1  locust;  2  white  oak;  3  hemlock;  4  uuaeas<.>ned  chest- 
nut; 5  yellow  pine. 

For  gn,>ovud  spike  without  swell,  the  like  order  is :  1  un- 
seasoned chestnut ;  2  yellow  pine;  3  hemlock. 

Tho  swelled  and  grooved  spike  was,  in  all  casESj  foand  to 
be  inferior  to  the  same  spike  with  tlie  swell  filed  off. 

The  tJiird  series  of  experiments  gave  the  fnUowing  results: 

Thoroughly  seaaonei  oak  is  twwe,  and  tlioroughly  seasoned 
locust  2|  times  as  retentive  a^  unseasoned  cbeataut. 

Tho  forces  required  to  extract  spikes  are  more  nearly  pro- 
portional to  tlie  breadths  than  to  either  the  thickness  or  the 
weights  of  the  spikea.  And,  in  some  cases,  a  diminution  of 
thickness  with  the  same  breadtli  of  spike  a6forded  a  gain  in 
retentivenesa. 
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"  III  ihe  Kofter  and  more  spongy  kinds  of  wood  the  fibres, 
instead  of  being  forced  bade  longitudluallj  aiid  eoiideused 
npon  tlieiiiselved,  are,  bj  driving  a  thick,  and  c»pc^ially  a 
rotlier  obtusely -pointed  spike,  folded  in  inn-sses  backward  and 
dov'nward  eo  aa  to  leave,  in  certain  parts,  the  faces  of  the 
grain  of  the  timber  iu  contact  wim  tlie  surface  uf  the 
metal." 

"  IIctico  it  appears  to  be  neceftsary,  in  order  to  obtain  the 
greatest  effect,  tnat  Uie  tibrea  of  tho  wood  ahoold  press  tlio 
nces  as  nearly  as  possible  ia  tbeir  longitudinal  direction,  and 
with  equal  intenaiUes  throughout  tlie  whole  length  of  the 
spike." 

The  following  ie  the  order  of  9ujM?riopity  of  tlic  Rpikesfrom 
that  of  the  ratio  of  their  weights  and  extracting  forces  reepeo- 
tirelj : — 

1.  Nattow  flat 7.040  ratio  of  weig^bt  CO  extroettn^f area. 

a.  Wide  flat 8.718 

8.  Ofoored  bat  not  swelled.  B.OSS  "  •'  ** 

4.  Grooved  uikI  not DoUtbed.  6.800  "  "  ** 

5.  Onmned  and  nwelted. . . .  4634  "  "  '* 
8.  B(ud«n's  patent 4.SQ9             «                "  •• 

7.  Square  bammerad 4.180  "  *'  " 

8.  PUla  cylfaidric«a 8.8O0  "  *'  " 

"  All  the  experimenta  prove,  that  when  a  nptke  is  oitce 
started  the  force  required  for  its  final  extraction  is  mnoh  len 
than  that  which  produced  the  first  movement." 

"  When  a  bar  of  iron  is  spiked  upon  wood,  if  the  spike  bo 
dnven  until  the  bar  oompreefles  the  wood  to  a  great  dei^ree, 
the  recoil  of  the  latter  may  become  so  great  as  t<>  atari  back 
the  spike  for  a  short  distance  after  tb^  last  blow  has  been 
eiven." 

342.  From  the  fourth  series  of  experiments  it  appears,  that 
the  spike  tai>ering  gradually  towards  the  cutting  edge  gives 
better  results  than  tuoee  with  more  obtiira  ends. 

Tlmt  beyond  a  certain  limit  tlie  ratio  of  the  weight  of  tho 
jpike  to  the  extracting  force  begins  to  diminiab ;  "  showing 
that  it  would  bo  more  eeonomicol  to  increase  the  number 
rather  than  the  lengtli  of  the  spikes  for  prodaclitg  a  given 
effect." 

**  That  the  absolute  retaining  power  of  unseasoned  chestnut 
on  square  or  flat  spikes  of  from  two  to  four  inches  in  length 
is  a  Httle  more  than  800  lbs.  for  every  »|uare  inch  of  tlieir 
two  faces  which  ocmdeuse  longitudinally  tlio  fibres  of  tlia 
timber." 
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OLAEiTnanos. 

381.  MAsoimr  is  tlie  art  of  raising  BtructnroB,  in  atone,  brick, 
and  mortar. 

Miiaonry  is  diusificd  either  from  the  natare  of  the  ma- 
terial, as  atona  vuuionnj^  hrie.k  nuMonri/^  and  mired,  or  that 
which  is  composed  of  stone  and  brick ;  or  from  the  manner  in 
which  the  material  is  prepared,  as  vut  Hone  or  ashlar  moionry^ 
rubbU-tttoiie  or  rvutjh  mmonry,  arid  hamTnered  aton^  matonr^  ; 
or,  finally,  from  tJjo  form  of  the  matorial,  aa  regular  mason' 
ry,  and  irwyu/ar  Tnamnry, 


n. 


OUT  BTOHS. 

382.  M.i»nNRY  of  cut  Btono,  when  carefully  made,  ii  strongjer 
and  iimre  8"»lid  than  that  of  anyotfier  diuw;  but,  owing  to  tna 
Inbor  roquii-e<i  in  dreiuitn'j  or  preparing  tlie  stone,  it  is  also  iho 
most  expensive.  It  is  therefore  meetly  reetricted  to  those 
workti  where  a  certain  art^hitectnral  effect  is  to  be  produced 
by  iht!  regularity  of  llie  inaeseB,  or  where  gi-oat  strength  is  in- 
dispensable. 

383.  Definitions.  Before  explaining  the  means  to  be  used 
to  obtain  tlie  crtfate^t  strength  m  cut  stone,  tt  will  be  uecea- 
sary  to  give  a  few  dcfinitiuim  to  render  the  subject  clearer. 

In  a  wall  of  mas(inrY  the  term /u<v  is  usually  applied  to  tho 
fi-ont  of  the  wall,  and  tho  tci-in  back  \u  the  inside;  tJie  etoue 
■which  forms  the  front,  is  termed  ih&  facing  ;  that  of  the  back, 
the  bi-tcking  •  and  tho  interior,  tho  jiV/vwy.  If  the  front,  or 
back  of  tlio  wall,  has  a  unifunii  slope  from  tlio  top  to  tlio  bot- 
toiDL  tliis  slope  is  termed  the  hatter^  or  bAtlr. 

The  tenu  course  is  applied  to  each  horizontjU  layer  of  stouo 
in  the  wall :  if  the  stones  of  each  layer  are  of  equal  tbicknestt 
thronghout  it  is  tinned  regidjir  coutsingf  if  the  thiekneseei 
are  unequal  the  teim  rand</m,  or  irregular  coursing,  is  ap- 
plied.    The  divigiuDs  between  the  stoneSj  in  the  courseSi  are 
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termed  ihejoiiiiii ;  the  upper  surfaco  of  the  stones  of  each 
course  ia  also  someLluies  termed  the  hed^  or  build. 

The  airanjremcnt  of  tlio  different  stones  of  each  cotireo,  or 
of  coutipiious  coiirees,  ie  termed  the  ftojwi 

384.  Requisites  of  Strength.  'X\\q  strength  of  a  mass  of 
cut  stone  masonr)-  will  depend  on  the  size  of  the  blocks  iti 
each  oonree,  on  the  accuracy -of  the  dressing,  and  on  the  bond 
used. 

The  size  of  the  blocks  variea  with  the  kind  of  stone  and  the 
natiu-e  of  (he  quarry,  Fnnu  eome  quarries  the  stone  may  be 
obtained  of  any  required  diinen8ion& ;  others,  owing  to  some 
pecnliarity  in  the  formation  of  tlie  stone,  furuiiih  only  blocks 
of  small  size.  Again,  the  strongth  of  some  stones  is  so  great 
as  to  admit  of  their  Iwing  need  in  blocks  of  any  size,  winiout 
danger  to  the  stability  of  ihe  structure,  arisiup  from  their 
brealiing ;  others  can  be  used  onlv  with  safety  when  the  length, 
breadth,  and  thickness  of  the  block  bear  certain  relations  to 
each  other.  Ko  fixed  rule  can  be  laid  down  on  this  uoint; 
that  nsnally  followed  by  builders  is  to  make,  with  orainary 
Btonc,  the  breadth  at  least  equal  to  the  thickness,  and  seldom 
greater  than  twice  this  dimension,  and  to  limit  the  length  to 
within  three  times  the  thickness.  When  the  breadth  or  the 
lenMh  is  consiilet-able,  in  coiniiarison  with  the  thickness,  there 
is  danger  tlmt  tlie  block  may  break,  if  any  anequal  settling, 
or  unequal  pressure  sboidd  take  place.  As  to  the  absolute 
dimensions,  the  thickness  is  gcnemlly  not  lose  than  one  foot, 
nor  greater  tlian  two ;  stones  of  this  thiukness,  with  the  rela- 
tive diraonsiona  just  laid  down,  will  weigh  from  1000  to  8000 
ponnds,  allowing,  on  an  average,  160  pounds  to  the  cubic  foot, 
Witli  tiieso  dimensions,  therefore,  the  weight  of  each  block 
will  re<piire  a  very  considerable  power,  botli  of  macliinery  and 
men,  to  set  it  on  its  bed. 

38&.  For  the  wiping  and  top  courses  of  a  wall  the  same 
objections  do  not  apply  as  to  excess  in  length :  but  this  excess 
may,  on  the  oontrary,  prove  favorable ;  bceauso  the  number 
pf  top  joints  being  tlius  diminished,  the  mass  beneath  the  co- 
ping will  be  better  protected,  being  exposed  only  at  the  joiute, 
which  cannot  be  made  water-tight,  owing  to  the  mortar  being 
crushed  by  the  ox))ansion  of  the  blocks  in  wunn  weather,  ana, 
irhon  they  contract,  being  washed  out  bv  tiie  rain. 

886.  The  closeness  with  which  the  bfocks  flt  is  dependent 
solely  on  the  accuracv  with  whicli  the  surfaces  in  contact 
are  wrought  or  dreMed  ;  if  tliis  part  of  the  work  is  done  in  a 
slovenly  mamicr,  the  mass  will  not  only  present  open  joints 
£rcm  any  inequality  in  the  settling ;  but,  from  the  coerces  not 


ite 


onm.  EKoniEEBiitct, 


fittin;*  accnrately  on  their  beds,  the  bloeks  will  be  liable  to 
crack  from  tho  uiicqnal  prcsauro  on  tlie  different  points  of 
the  block. 

381.  The  eurfiiccfl  uf  one  sot  of  joirtts  ahonld,  as  a  prime 
couditioit,  1)0  perpend ifidar  t«  the  direction  of  the  pressure : 
bv  this  arrangemoiit  there  will  be  no  tendency  in  any  ()f  the 
blocks  to  slip.  In  a  x'crtical  wall,  for  example,  the  presBure 
being  downward,  the  surfaces  of  one  set  of  joiuta,  which  aro 
the  l>eds,  miiHt  be  horizontal.  The  eitrfaoos  of  the  other  set 
must  bo  porpondieular  to  tht»o,  and,  at  the  eanio  time,  |>erpon- 
diuular  to  the  face,  or  to  the  back  of  the  wall,  according  tu 
the  position  of  the  stoncB  in  tho  mass;  two  essential  points 
will  thiia  bo  attained, — the  angles  of  the  blocks,  at  the  top  and 
bottom  of  the  co-tii*ee,  and  at  the  face  or  back,  will  be  right 
angles,  and  the  block  will  tJiercforo  be  as  sti'ongas  the  nature 
of  the  Btono  wiU  admit.  Tho  principlot*  hero  applied  to  a 
Tortical  wall,  are  applicable  in  all  cobcs  whatever  may  bo  the 
direction  of  tlio  pressure  and  tho  form  of  the  exterior  sur- 
fattcs,  wbotlior  plane  or  ctin'ed. 

389.  A  mudidcaticm  of  this  principle,  however,  may  in  soma 
cases  be  requisite,  arising  from  the  strength  of  the  stctne.  It 
is  laid  down  as  a  rule,  drawn  from  the  experience  of  builders, 
that  no  8tojie-work  willi  an<;Iea  le(«  than  60°  will  oflForeufli- 
ciont  strength  and  duraliility  to  rpfiiBtaccidonts,  and  thooffncts 
of  the  weather.  If,  therefoi-e,  the  batter  of  a  wall  should  be 
ereater  than  Oo",  whii-h  is  about  7  porpondieular  to  4  baae, 
uie  horizontal  joints  (Fig.  17)  must  not  be  carried  out  in  ths 
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Vlf .  H^Rc|irt*nnt»  tb*  VTmattateat  til  ttoDC  wtth 
kballtnc,  <v  *Aov>  Jotata  lor  wy  iMdliwd  tot 

bWM. 

A,  teo*  of  tk«  bkcfe. 

B,  iRiunM  Uonk,  tanMd  ft  luieM  Maa*. 


Bame  plane  to  the  face  or  back,  but  bo  broken  off  at  right 
angles  to  it,  «>  as  to  form  a  Bumll  abutting  joint  of  abont  4 
inches  in  tlncknoRB,  As  tho  batter  of  walls  is  seldom  so  great 
as  this,  except  in  some  cases  of  siistainiiur  walls  for  the  gi<|e 
slctMis  uf  earthen  crabnnknionts,  this  modincyition  in  the  joints 
win  not  often  occur ;  for,  in  a  greater  batter,  it  will  generally 
be  more  eoonomical,  and  the  ronstniction  will  bo  stmnger,  to 
place  the  Bt^mes  of  the  exterior  in  uffe^jts,  tlie  ext(>rior  Htone  of 
one  course  being  placed  within  tlio  exterior  one  of  the  course 
below  it}  so  as  to  give  the  required  general  direction  of  the 
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batter.  The  arrangement  with  ofF&etA  has  the  further  adx^an- 
tjige  in  iU  favor  of  uot  allowing  the  rain  water  to  lodge  in  the 
joiut.  if  the  offset  bo  slightly  bevelled  off. 

369.  Workmen,  unless  imrnjwly  watched,  seldom  take  the 
pains  neces^ry  to  dres-s  the  t>edft  and  joints  accurately ;  on 
tite  contrary,  to  obtain  what  are  tenned  clo«e  JoinlK,  Uiey  dress 
the  Joints  with  accurftcy  a  few  iituhes  only  fi'om  the  outward 
Burfaec,  and  then  chip  away  the  etone  towards  the  back,  or 
tail  (Fig.  16),  so  that,  when  the  block  is  set,  it  will  be  in  con* 
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ttict  with  the  adjacent  stones  only  throughout  this  very  small 
extent  of  bearing  surface.  TIiIb  practice  is  objectionable 
nnder  every  point  of  view ;  for,  in  the  firet  place,  it  gives  an 
extent  of  hearing  siirfa(M>,  which,  being  generally  ini^eqnate 
to  resist  tlie  pressure  thrown  on  It,  causes  tlie  Muck  to  sphnter 
off  at  the  joint ;  and  in  tlio  soi-ond  place,  to  give  the  block  ita 
proper  set,  it  has  to  be  propped  beneath  by  !=^inan  bits  of  stone, 
or  wooden  wedges,  au operation  tcrma}  pinnin^-up,  or  under- 
pinning^ and  these  props,  causing  the  prej^sure  fni  tlie  block 
to  be  thrown  on  a  few  jHtinta  of  the  lower  surface,  instead  of 
bein^  equally  diffiipod  over  it,  expose  the  stone  to  crack. 

8w.  \rhen  the  facing  is  of  cut  stone,  and  the  backing  of 
rubble,  the  rnethnd  of  thinning  off  the  block  may  be  allowed 
for  the  purp*»e  of  forming  a  better  bond  between  the  rubble 
and  ashlar;  but,  even  in  tuis  case,  the  block  should  be  dress- 
ed true  on  each  joint,  to  at  leaat  one  foot  back  from  tiie  face. 
If  there  exists  any  cause  which  would  give  a  tendency  to  an 
outward  thrust  from  the  back,  then  instead  of  thinning  oS 
all  the  blocks  towards  the  tail  it  will  bo  preferable  to  leave 
the  tails  of  some  tliickor  than  the  parts  which  are  dressed. 

381.  Various  metliode  urn  used  bv  bnildera  for  the  bond  of 
cat  stone.  The  system  termed  ^dcrs  and  strtt^Jt^r^.  in 
which  the  vertical  joints  of  the  blocks  of  each  course  alter- 
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nate  with  the  vertical  joints  of  the  coorecs  above  aiid  beluw 
it,  or,  us  il  in  teruicd,  brt;^k  joints  witli  tliem,  is  the  aioet  aim- 
plo,  Olid  offom,  ill  moet  cuetis,  all  requisite  solidity.    In  thii 
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ftjstom  (Fig.  20),  the  blocks  of  each  course  are  laid  alter- 
nately with  their  greatest  and  loftst  diinensionB  to  the  face  of 
(he  wall ;  those  which  preeent  the  longest  dimeneion  along 
the  face  are  termed  Btretuhcrs;  the  otCeni,  headers.    If  tlie 
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Iicador  roaches  from  the  face  to  tlie  back  of  the  wall,  it  ifl 
termed  a  through  ;  if  it  only  reaches  part  of  the  distance  it 
is  tenned  a  bindrr.  Tlio  vertical  joints  of  one  course  aro 
either  just  over  the  middle  of  the  blocks  of  Ibe  next  eonree 
below,  or  else,  at  least  four  indies  oo  one  side  or  the  other  of 
the  vertical  joints  of  that  course ;  and.  the  headers  of  one 
coarse  rest  aa  nearly  as  practicable  on  the  middle  of  the 


OCrr>8T(UfE   UASOKRT. 


179 


Btretcliore  of  the  oouree  beueath.  If  tlio  backing  is  of  rnhble, 
and  tJie  facing  of  cut  stone,  a  system  of  tJirougna  or  biiidere, 
eiiiiilai*  to  what  lina  just  bocii  explained,  must  be  u&od. 

By  the  arnuigoinent  here  described,  the  facing  and  backing 
of  eadi  course  are  well  connected ;  and,  if  any  nnequa!  set- 
tling takes  place,  the  vertical  joints  cannot  open,  as  wtiuld  be 
the  case  were  they  iu  a  conlitiued  line  froiu  the  top  to  the 
boMuni  of  tlie  maas :  as  each  block  of  one  oouroe  confines  the 
ends  of  the  two  blocks  on  which  it  rests  in  the  coarse 
boneath. 

39%  In  masses  of  cut  stone  exposed  to  violent  shocks,  aa 
those  of  which  light-honsea,  and  sea-walls  in  very  exposed 
poaitions  are  fonnM,  the  blocks  of  each  course  require  to  be 
not  only  very  firmly  united  with  each  other,  but  also  with  the 
courses  above  and  below  them.  To  effect  this,  various  meani 
have  boon  used.  The  beds  of  one  coarse  are  sometimes  ar- 
ranged with  projections  (Fi^.  21)  which  fit  into  correspond- 
ing indentations  of  the  next  courec.  Iron  cramm  in  the  form 
of^the  letter  S,  or  iu  any  other  shape  that  will  aoswor  the 
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pnrpoBB  of  frfvinp  them  a  firm  hold  on  tlie  blocks,  are  let  into 
the  top  of  two  blocks  of  the  same  course  at  a  vertical  joint, 
and  are  firmly  set  with  melted  lead,  or  vrith  bolte,  so  aa  to 
confine  the  two  blocks  tc^ther.  Holes  are,  in  some  cases, 
drilled  through  sever:il  courses,  and  the  blocks  of  these 
oonraee  are  eormet^tcd  by  strong  iron  bolts  fitted  to  the  lioles. 
The  most  noted  examples  of  these  metliods  of  strengthen- 
ing the  bond  of  cnt  stone,  are  to  be  found  in  the  works  of  the 
Romans  which  have  been  preserved  to  oar  time,  and  in  tw-i 
celebrated  modem  stmcturoa,  tlio  Eddy-etone  and  licUrouk 
liglit-honses  in  Great  Britain  (Fig.  23). 
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mftterifti,  and  the  stone  nuy  in  consequence  be  nutorially  {n> 
jnrod  Iiy  tho  rejwftled  blowa  of  the  workman.  In  hard  Btonet 
tbtft  need  not  be  apprehended. 

Li  larf^  blocks  viiiich  roqiiire  to  be  raised  by  machinery,  a 
hole,  of  tlie  shape  of  an  inverted  truncated  wedge^  is  cut  t« 
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peccive  a  small  iron  insimiiiont  tenned  a  lewU  (Fig.  27),  to 
which  the  rtjpe  is  attached  for  ftt)ft}>6i)ding  tlie  block  ;  or  else, 
two  hoiea  are  cut  obliquely  into  the  b^k  to  receive  bolts 
with  eyes  for  the  nonie  pnrpoee. 

^V1lotl  a  block  of  cut  Rtmie  is  to  bo  laid,  the  first  point  tr>  be 
attended  to  is  to  examine  the  dressing,  which  is  done  br 
plating  the  block  on  it«  bed,  and  seeing  that  the  joints  nt 
close,  and  the  face  is  in  its  pntjter  plane.  If  it  (>c  fouiul  tliat 
the  fit  is  not  accurate,  the  inactMiracies  are  marked  and  the 
requisite  changes  made.  The  bed  of  the  course  on  which 
the  block  is  to  oc  laid  is  then  thoroughly  cleansed  from  dust, 
d:c.,  and  well  niuietened,  a  bed  of  thin  mortar  is  laid  evenly 
over  it,  and  tho  bhKik,  the  lower  eiirfaco  of  which  is  tirs/ 
cleansod  a>id  moistened,  is  laid  on  tlie  murtar-bed,  and  well 
settled  by  strikiii!^  it  with  a  wooden  mallet.  When  the  block 
is  laid  against  another  of  the  same  conrse,  the  joint  between 
thera  is  prepared  with  mortar  in  the  same  manner  as  th« 
bed. 
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8&4.  With  ^ood  mortar,  nibhlo  work,  when  carefully  exe- 
ctited,  possessefl  all  the  Btrength  and  dnrabiUljr  required  in 
Btnicturcs  nf  an  ordinary  character;  and  it  is  mticu  leas  ex- 
pensive tlian  cut  stoue. 

395.  The  &tone  nged  for  this  work  Rhotild  bo  prepwed 
Mmplj-  by  knocking'  off  all  the  sharp,  weak  angles  of  the 
block;  it  IB  then  cleanued  from  da^  Ac,  and  moistened, 
before  plncing  it  on  ite  bed.  This  bed  is  preftored  by  spread- 
ing over  the  top  of  the  lower  conrac  an  ample  quantity  of 
gwd  ordinarv-tempered  mortar,  into  which  the  atone  ift  firmly 
embedded.  The  interstices  between  the  lai^r  inawieii  of  alone 
are  filled  in  by  thmeting  Biiittll  fniguiontB,  or  chippings  of 
Btone,  into  the  mortar,  rinally,  the  whole  course  may  bo 
carcfwlly  gnmted  before  another  is  commenced,  in  order  to 
fill  up  any  voids  loft  between  the  full  mortar  and  etone. 

398.  To  connect  the  paila  well  togetlier,  and  to  Btrengthen 
the  weak  |>oiiUi»,  tliroiiglis  or  binders  should  be  used  iuall  the 
coureea  ;  and  tlie  angles  should  he  constructed  tif  cut  (»r  ham- 
mered stone.  In  heavy  walls  of  rubble  masonry,  the  precau- 
tion, moreover,  should  be  observed,  to  lay  the  atones  on  their 
quarty-h<^i ;  that  is,  U}  give  iJiem  the  same  position,  in  the 
ma^e  uf  masonry,  that  mey  had  in  tlic  quarry ;  as  stone  ts 
foimd  to  offer  more  resistance  to  presfture  in  a  direction  per- 
pendicular to  tlie  quarry-bed  than  in  any  other.  The  direo- 
tii.>ne>  of  tbc  lamina  in  stratified  stones  tihow  tJie  position  of  the 
quarry- bed, 

397.  Hanniiered  stone,  or  dressed  rubble,  is  stone  roughly 
fashioned  into  regular  maesee  with  tlio  hammer.  The  same 
precautions  must  be  taken  in  laying  this  kind  of  masonry  a« 
in  the  two  preceding. 


IV. 

BEIOK  MASOKBT. 

3BB.  "Wiib  good  brick  and  mortar,  this  raaBonTyofFers  great 
jfcrength  and  durability,  arising  from  the  strong  adhesion  be- 
tween the  raortar  and  brick. 
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399.  The  boiid  lined  in  hrU'lt  work  is  vcrj  varioiiB,  depend 
ing  on  the  cliaracter  of  the  Rtnictnra  The  nicwt  uBiial  Kinds 
are  known  m  the  En<^li^h  »ihI  /•'htm'aA.  The  tirst  wiiiaiata  in 
*rni"K'i'rt  'li*'  courses  tiltonrntolii',  entirely  ao  headere  oi 
8trct*nere,  tho  liiieks  thnniprh  (lie  (Murso  hrenkiii^  joiiite.  In 
tlie  eeoond  the  bricka  arc  laid  iu»  hcndc^n?  aiid  ptrctcliern  in 
each  course.  Tlio  iir&t  is  stated  ui  give  a  Atuncei  honil  than 
the  last;  the  bricks  of  M-hich,  owinu  to  the  dimonltj  of  pro- 
venting  continiidiis  jointe,  either  in  the  sninc  ni  different 
courBea,  are  lialile  to  Bonarate,  CBUsing  tlio  fuw  <>i  tho  hai?k  to 
bulge  outward  The  Fleiniflh  Iwrnd  presents  the  tinoi-  arclii- 
tccliiml  ftpijcaraneo,  and  is  therefore  preferred  for  the  fn>nt8 
of  editice*. 

400.  Timber  and  iron  have  both  l)een  used  to  Btrengthon 
the  bond  of  brick  inasoury.  Among  the  most  remarkable  ex 
amples  of  their  usee  are  the  well,  faced  in  bi'iok,  forming  an 
entrance  to  the  Thamefl  Tiiiinol,  the  folehralnd  work  of  Mr. 
Brunei,  and  his  expcnrneiital  arch  of  brick,  a  description  of 
which  isgivfn  in  the  Civil  Kntfineer and  Ari:/tit*'ct'»  Journal, 
No.  0,  vol.  I,  In  both  the-ec  stnicturea  Mr.  Brunei  uBCfl  pan- 
tile lathft  and  hoop  iron,  in  tho  interior  of  the  horizontal 
conrpes,  to  connect  two  contiguoiie  courses  throughout  their 
length.  The  cfticacy  of  Ibis  method  has  been  further  fully 
tested  by  Mr.  Brunei,  in  experiments  ninde  on  the  re«iHtanoe 
to  a  tranHvei-sal  strain  of  a  brick  beam  bonded  with  hoop  iron, 
accounts  of  which,  and  of  oxwrimcnis  of  a  like  kind,  are 
given  by  (.'oliiiioi  Pasley  in  hi8  work  on  Lime-Hy  Ciili:tireou» 
Ctmentfiy  Ac. 

401.  Tlic  mortar-bed  of  brick  may  bo  either  of  oj-dinary  or 
thtn-toinnered  mortar;  the  last,  however,  ie  the  best,  afl  it 
makes  clofler  joints,  and,  rontaining  more  water,  doea  not  dry 
eo  rapidly  as  the  other.  As  brick  lias  groat  avidity  for  water, 
it  would  always  ho  well  not  only  to  moisten  it  before  laying 
it,  bnt  to  allow  it  to  soak  in  wafer  several  hours  before  it  is 
used.  By  taking  this  i>rei;anuon,  the  mortar  between  the 
joints  will  Bct  more  lirmly  than  when  it  inii^iarts  it«  water  to 
the  dry  brick,  which  it  frequently  d<«» so  mpidly  as  to  render 
the  mortar  pnlvenilent  when  it  has  dried. 

402.  Oil  this  point  the  late  General  Totten,  Chief  of  Engin- 
eers, in  his  instructions  for  building  brick  mas<^mry,  obfiervoa; 
"  Tho  want  of  cohesion ''  between  tlie  brick  and  mortar,  in  the 
case  of  sonic  gun  practice  agaiiml  brick  embrasures,  '*  was 
doe  to  Uie  iniirrposition  of  oiist,  sometimes  quite  froo,  but 
more  gcnerallv  composing  a  layer  slightly  cohering  to  tlie 
body  of  the  bricks.     The  proccsfl  of  laying  must  be  to  catiM 
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ererr  brick  to  bo  tliorouffhly  soaked  in  water,  and  to  bo  laid 
the  moment  it  ceases  to  uriu." 

403.  Conoiete  Walla.  Tlie  use  of  hj-drniilic  concrete  foi 
Che  construction  uf  buth  solid  and  hollow  walla  for  houses  has 
Tery  much  increased  withia  a  few  vears ;  and  it  is  claiu.cd 
Uiat  thev  arc.  drier,  stronger,  and  cheaper  ttian  waits  of  brick 
of  equal  thi(;knesft. 

in  some  of  tlie  clieajjer  Btructnres  of  this  class  put  up  iu 
Paris,  the  concrete  was  composed  of  ciuo  part  in  volume  of 
Portland  cement,  and  from  five  to  eight  parts  of  clean  screen- 
ed gra\'ei  from  the  size  of  pearl  barley  U>  tbat  of  peas ;  and  iu 
some  cases  instead  of  gravel  what  is  known  as  brick  ballast, 
or  the  email  fragments  of  ordinary  brick  from  which  all  Uie 
Bne  dust  is  screened  out,  is  used,  taking  eight  parts  cf  this  to 
one  of  Portland  cement, 

404.  For  building  walle  of  concrete  where  a  scaffold  is  not 
neeessfiry  it  is  only  requiaite  to  have  a  Iwxing  fonned  of 
scantling  and  Ijoanls  of  the  width  of  the  wall  within,  between 
the  two  sides  of  which  the  concrete  ts  tlirown  in  and  rainnied. 

405.  For  sulid  walls  requiring  a  scaffolding,  what  is  termed 
-•ll's  bracket  iu*Affolding  is  used.     The  couci-et^  is  laid  nith* 
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in  the  boxing,  which  conaist  of  hoards,  A,  held  together  by 
clarap  screws,  ft,  which  pass  through  holl'>w  iron  cones  placed 
between  the  sides  of  the  boxing,  which,  within,  js  of  the  same 
hoiglit  and  width  as  the  layer  of  concrete  to  be  laid  at  a  time. 
When  the  layer  is  fiuiehed  the  boxing  is  taken  aitart,  and  the 
holes  left  hv  the  cones  when  removed  are  used  for  secur* 
ing  the  brackets  of  the  si-Affolding,  which  consists  of  triangu- 
lar frames,  B,  each  formed  of  a  vertical  pin,  a  horiEontal 
beam  to  support  the  flooring,  and  an  inclined  strut  to  eupjKirt 
Uio  outer  end  of  the  honz'.'nlal  beam.  The  floorinff^  of  sufll 
clent  width  for  the  workmen,  projects  bevoiid  the  wal  on  each 
side,  and  the  two  parts  without  and  witliiu  ai-e  held  togothci 
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by  clRtnp  Bcrewe  which  iirbs  through  tho  holes  Wlien  ojlifl' 
drical  flues  Are  to  be  leU  within  the  body  of  tho  wait,  a  crlin' 
der  C,  with  a  handle  to  it,  of  the  requisite  diameter,  and  tho 
leii^i  of  the  thickiiesft  of  tlie  layer,  u  pluL-ed  in  jKiBitiun,  and 
the  conerete  ranitiK.'d  well  urouiiJ  it.  Wliou  a  now  layer  la 
t»*lic  laid  tlie  cylinder  ia  drawn  up  from  the  one  liuiahe^. 

406.  For  eonstnioting  either  solid  or  hollow  walls,  an  ap- 
paratus devised  bv  Mr.  Clarke  of  New  Haven,  Ooim.,  termed 
Clarke's  adjtistabfu  frame  for  concrete  building,  is  used.   ThiB 
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eomists  of  a  boxing  of  hoards,  A,  for  laying  the  concrete 
which  ia  hold  together  by  frames,  catih  oorapofted  of  a  hori- 
zontal piec^e,  B,  to  which  are  aflmtod  two  vertical  clampinflj 
picees,  C,  the  interior  piece  being  movable  and  capable  or 
lieing  iidjnsted  by  screws,  tho  two  pieces  being  lield  together 
by  a  tdamp  ecrow,  ay  tho  frames  and  boxing  being  attached 
to  vertical  snpjwrts,  D,  mthin  the  building,  in  which  holefl 
are  arranged  at  suitable  distances  to  admit  of  the  frame  be- 
ing placed  at  the  pmner  height.  For  hollow  walls  a  wedge- 
shaped  hoard,  b,  two  mches  and  a  half  thiek  at  its  broad  end, 
ond  two  inches  on  the  other,  ia  used.  This  l>oard  has  rect- 
angular notches  of  tho  width  of  a  brick,  and  placed  at  twenty 
inuies  apart,  cut  into  the  narrow  edge.  This  fonns  tho  core 
for  the  hollow  portion  of  tho  wall.  The  work  is  started  or 
continued  by  placing  the  bricks  in  place  lengthwise  across  the 
hollow  to  as  to  tic  tlio  exterior  and  interior  portions  of  the 
wall  toffether.  The  core  is  then  placed  with  its  notches  fitting 
on  the  bricks,  and  secured  in  a  vertical  position,  the  corcrete 
is  tilled  In  on  eacli  side  l>etween  tho  sides  of  the  b  >xing. 
When  tlie  layer  is  tiuislied  the  ooi'e  is  drawn  ap. 
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For  fcrther  applicatiotis  of  Coign«i  Beton,  see  Prof,  Bar- 
naviVs  Rfport  on  the  Paris  Exposition  of  1867,  and  tf«i. 
Gilm.ort?»  Pa^fTy  No.  19,  on  BeUm  AgglowtJrit. 

407.  Uses  of  beton  agglomere  In  Europe  and  elae- 
w^here.  The  ino*t  important  am]  coetly  work  that  hae  ycl 
been  uiidertHkeii  in  tTii&  iimterial  is  a  section,  thirt^'-ficven 
mile*  in  length,  of  the  Vanne  ar^iieduct,  for  enpplying  wator 
to  tlie  i:ity  of  Paria. 

This  aqnednct,  which  travorece  the  forest  of  Fontainobleaa 
throngh  its  entire  length,  coinprlfies  two  and  a  half  to  three 
milee  of  arches,  some  of  tiiein  ae  much  aB  fifty  feet  in  height, 
and  eleven  niilesof  tuiitiebt,  nearly  all  constructed  of  the  uiat& 
rial  excavated,  tlie  impnlpahle  sand  of  marino  formation 
known  under  tlie  generic  name  of  Fontainehleau  Band.  It  in- 
cludes, alfi'i,  eight  or  teubi-idgesof  InrveBpan  (seventv-fivc  to 
one  huudred  and  tweniy-tivo  feet)  for  uie  bridging  of  rivers, 
canals,  and  highways. 

Tlie  fiualler  arches  are  full  centre,  and  are  generally  of  a 
uniform  Bpan  of  39^^  feet,  witli  a  thickvive  at  tlie  crown  of 
15J  inchc*.  Their  oonstmction  was  carried  on  without  inter- 
rnption  thmiigh  the  winter  of  1868-'<ii)  and  tiie  f<illowing 
enninier,  and  Hie  diameter  of  the  work  was  not  affected  by 
either  extreme  of  temperature.  The  spandrels  are  t-amed 
np  in  open  work  to  the  level  of  the  crown,  and  upon  the 
ai^^dc  tJutB  prepared  the  aqueduct  pipe  is  moulded  in  the 
same  material,  the  whole  becoming  firmly  knit  together  into 
a  perfect  iJKiiu>HtIi.  The  pipe  is  circular,  6^  feet  in  interior 
diameter,  with  a  thickness  of  9  inches  at  the  top,  and  IS 
inches  at  the  sides,  at  t3ie  water  snrfave-.  Tliecmistructiou  of 
the  arches  is  carried  on  about  two  wet'kB  in  aAlvauce  of  work 
on  the  pipe,  and  the  centres  are  struck  about  a  week  later. 

Water  was  let  into  a  portion  of  this  pipe  in  the  spring  of 
1869,  and  M.  Bclgranu,  inspector -general  of  bridges  and 
highways,  and  director  of  drainage  and  sewers  of  the  city 
of  Paris,  certified  that  "  the  imp^rwcability  ajjpeared  oom- 
pleee." 

408.  Another  interesting  application  of  this  material  has 
been  made  in  the  construction,  completed  or  \ery  nearly  so,  of 
the  light-house  at  Port  Said,  Egypt  It  will  be  one  hundred 
and  eighty  feet  high,  witliout  iomts,  and  resting  upon  a  mon- 
olithic block  of  b^ton,  containiug  nearly  four  handred  cubic 
yards. 

409.  An  entire  Gotliic  church,  with  its  foundations,  walls, 
and  steeple  in  a  siugle  piece,  has  been  built  of  this  material 
■t  Veauiet,  near  Paris.    The  steeple  is  one  hundred  and 
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thirty  feet  hii;h,  and  Khows  no  cracks  or  othor  evidences  u1 
weakiieas. 

M.  I'allu,  the  fnander,  certifies  that  "  durinff  the  two  jreart 
coDHnmed  by  M.  Coignet  in  the  building  of  this  church,  the 
b^ton  TL^"\om&r6,  in  all  tt8  stape*,  was  exposed  to  rain  and 
froet,  and  that  it  hat)  perfoctlj  roeist^^t  all  variations  of  tern* 
pcpature." 

The  entire  floor  of  the  church  ia  paved  >vith  the  same  ma- 
terial, in  a  variety  of  beautiful  deeigna,  and  with  au  agreeable 
contrast  of  colora. 

410.  In  constmcting  the  mnnicipal  barracks  of  Notre 
Dame,  Pari&,  the  arched  ceiling*  of  the  cellars  were  made 
of  this  b^tou,  each  arch  being  n  single  mass.  The  spans 
varied  from  twenty-two  to  twenty-five  feet,  the  rise,  in 
in  all  caeea,  being  one-fentli  the  Bi>an,  and  the  thicknesB  at 
the  erown  S.Cti  inchea.  In  the  mmc  bnildhig  the  arched  coil* 
inga  of  the  tliree  atories  of  galleriea,  one  above  the  other, 
facing  the  interior,  and  all  the  subterranean  drainage,  com- 

fineiii*^  nearly  eix  hundred  yards  of  isewerv,  are  alwj  mono- 
itlifl  of  l>^ton. 

411.  Over  thirty-one  miles  of  the  Paris  sewers  had  been 
laid  in  this  materia-  pnur  tu  Juiic,  1809,  at  a  saving  of  20  per 
cent,  on  the  loweet  estimated  coat,  in  any  otlier  kind  of 
masonry. 

The  composition  of  the  b^n  was  ae  follows : — 

Sand,  6  measiii-es. 

Ilydmulic  lime,  1  measure. 

Paris  cement  (said  to  be  as  good  as  Portland  cement),  ^ 
measure. 

412-  The  works  above  referred  to  were  visited  by  the 
writer  in  the  month  of  Febriiary,  1870,  and  these  statements 
are  based  upon  close  observation  and  personal  knowledge. 

Many  other  interesting  applications  of  this  material  were 
examined,  of  which  it  is  not  deemed  neceswary  to  make  any 
special  mention,  except  that  in  combined  stability,  strouffth, 
beauty,  and  chcapncw  they  far  surpass  the  best  results  tiiat 
conldhave  been  achieved  by  the  use  of  any  other  materials, 
whether  stone,  brick,  or  wood. 

In  the  iinnierouB  and  varied  applications  which  have  been 
made  of  it  in  Franco,  it  has  received  the  most  emphatic  com* 
nendations  from  the  government  engineers  and  architects. 

413.  Its  superiority  to  Kosendale  cont-rete  for  citrnmon 
work,  such  as  fonndaliotis,  tlie  hacking  and  hearting  of  walls, 
magazine  waits,  and  generally  for  all  masonry  protected  \>y 
fai^,  and  therefore  not  ueceasarily  required  to  be  of  fint 


^                                                9>|(S   lliBONBT.                                              lli               ^1 

^V          onulity,  lies  in  its  pogeeesin;^  greater  atren^li  and  hardncRS  at            ^^ 
^H           tiie  same  ciKt,  ana  consequently  in  its  being  proportionately           ^H 
^H       .    cheft[>er  when  reduced  to  the  eame  strength  by  increasiiijit           ^H 
^H           tlie  proportion  of  &and.                                                                          ^H 
^H                414.  Sea-water  ih  nearly  as  gnixi  as  fresh  water  for  mix-            ^H 
^H           ini;  Portland  rniiK^ntf,  bnt  injnrea  the  Roeendaie  and  all           ^H 
^H           argillc^ma^ceiau  cements  very  considerably.                                      ^H 
^H              415.  It  is  of  great  importanoe  that  the  inoorpoi'ation  of  the           ^H 
^H           limo  with  the  cement  buouM  be  very  thorough,  in  order  to           ^H 
^H           insure  a  perfectly  homogeneous  mixture,  and  this  can  be  ob*           ^H 
^H           tained  witli  greater  certainty  by  triturating  the  two  together           ^H 
^H           into  a  thiek,  viscoug  paste  before  the  Band  is  added.    In  con-           ^H 
^H           ducting  extensive  operations  the  use  of  two  mills  of  different           ^H 
^H           sizes  would  perhaps  be  advantageous,  the  gmaller  one  being           ^H 
^H            einph)yod  exclusively  in  the  preparation  of  tlie  matrix.                        ^H 
^H               The  following  proportions  may  be  relied  upon  to  gira      ^^^H 
^H          Ooiguot  batons  of  good  average  quality : —                                  ^^^| 

1 

fl 

8 

•   a 

1 

8* 
1 

r 
1 
1 

^li 

^H               416.  For  foundations  end  other  plain  massive  work  not  ex-           ^H 
^H            [<o$ed  to  view,  or  where  a  smooth  sxirface  is  not  specially  de-            ^H 
^H           ared.  a  lilteral  amount  of  gravel  atid  pebbles,  or  broken  stone,           ^^ 
^H           mav  be  added  to  all  of  the  batons  of  the  above  table.                        ^M 
^H               The  following  proportions  will  answer  for  such  purposes : —           ^H 

1 

6 
IS 

1 

S 

c» 

18 
1 
\ 

8 

•  5 

7 

18 
1 

A 

^H                                                   See  Omeral  QUmor^B  HtpoH.        ^^^^ 
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h  «Hd  mCltnntljr  either  for 
of  •  WM*m»  4if  iiiwiij,  or  forlbe  artifi- 
4f  «haniij  ekanettr  it  m^  be,  on  which 
For  BOA  MnyfaBi^,  tht  teno  htd  of  th« 
te  MB  wsric  wfatfa  the  Imu«r  u  de- 
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-  —  j^  — J^jirtftty  of  •Cractsna  of  Bweowy 
dijpewd  iilMjf  npew  dte  !■<  of  ifae  fowndetioo.  In  ar- 
'^jhiy  Ate,  iiigBiil  mv*  b*  h«4  »<  enlj  to  the  peraunent 

•wWtJ  eh— i  ■  n  ajf  f9iM»,  be  placed  M>  far 

Mmt  tha  mrfbea  »t  :ur  miu  on.  m^i^  ic  "— — /frt  it  will  not 
bsKahlabi  be  aniti i  mmt\,  or  aayaJ :  and  ts  isrfiaae  aboold 
a8tai^beaaaHl»db»iaNlMM«CthB«fiBriB  vfaicfa  itRtw- 
Mteh  bacriifeiMBtaK  AoaU  faMnaee  the  baae  of  thv  licd 
>  i^  do*  riM  perlfan  ctf  tba  nQ  batweeo  thii  point 
Aa  u«c»awl  adn  of  the  baae  shall  be 
Anad  aBaim^  ta  pvavanc  itt  yialdin^  Iran  the  prasnre  thruwn 

4H.  The  flrit  yaytaomj  Hap  to  be  taltexi,  in  dctennining 
ttvfciadaCb«di«9HMdLii»aKaytBmtlM  natim  of  the  sab- 
la  be  faiaed.    This  me^  be  done, 
bjf  ■'■fc^f  ft  pit;  bot  where  the  sabsoil  is 
of  vaewaa  ilnaBy  and  Ae  itractan  demands  extn- 
■^  KHl  be  nude  with  the  tools 
aai^hr'eiapfciaBii  §■*  A»  Mipaa& 

400.  Oa^faaCiaBofaaiK—Wtcfa  respect  to  Ibandatiuns, 
■A  «B  aa^  dbidad  n^  thna  eb«Bs : 

Tba  ta  «ik^  eoaaiM  <f  aoOa  whkfc  «ic  ntcomprcaribley  or, 
■c  laaaa,  aa  aHJuPid^  anH^raMble^  aa  not  to  affect  the  stability 
of  tfaafaaamJBMHBMhadepaii  Aeitt,aod  which,  at  the  same 
■na^da  aofe  jiM  ia  a  hianl  Jiactinn,  Solid  rock,  some 
aoili^  bard  da*  vUdi  yields  unly  tu  the 
^  tothkc&aa. 

"ne  jd  daaa  ««iaia»  of  anOa  wbicfa  an  iseooipreasible,  bnt 
rv<(auY  a>  be  aaaA»d  iMenllT.  to  prevent  them  from  sprc&d- 
iBKent    Pte*  pant  and  avo  bdoDg  to  this  vlam. 
^xba  3d  ehiB  eanaaitt  of  aD  the  farietieB  of  compreeeible 
•oila  ;  aailir  which  bead  may  be  arrai^ed  ordinarjr  oUy,  the 
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m^nnnion  eartha,  aiid  uiarehy  eoiU.  Some  of  this  class  ar« 
foand  in  a  more  or  lesA  compact  state,  and  are  comprc«sil>le 
only  to  »  certain  extent,  as  niust  of  tho  varieties  of  ela^-  and 
uuiomun  eiirtJi ;  uttiero  are  foand  in  an  alniOAt  lluid  state,  and 
yield,  with  facility,  in  even'  direction. 

421.  Foundations  on  Rook — To  prepare  tbe  bed  for  a 
foundation  on  rock,  the  thickueaB  of  tlio  stratum  of  rock 
ehould  first  be  ascertained^  if  tiiere  are  anv  donbts  reepecting 
it :  and  if  there  is  any  rea&ou  to  feuppuse  that  the  stratum  has 
not  6nfli<;ieiit  strengtli  to  bear  tlie  welglit  of  the  structure,  it 
ahoidd  be  tested  by  a  trial  weight,  at  least  twice  as  great  as 
the  one  it  will  have  to  bear  perniancntlv.  The  rock  ia  next 
projierly  prepared  to  receive  the  foiniijation  courses  by  level- 
ling its  surface,  which  is  effected  by  breaking  down  all  pro- 
jecting points,  and  filling  up  cavities,  either  with  rubble  ma- 
sonry or  with  boton;  and  by  carefully  removing  any  pi)rlionB 
of  the  upper  stratum  which  present  inHicationa  of  having  been 
injured  l>y  the  weather.  The  surface,  prepared  in  this  man- 
ner, sliouid,  moreover,  be  |>erpeudicuiiir  to  tiie  direction  of  tlie 
preesuro;  if  this  is  vertical,  tnc  surface  t^houtd  lie  horizontal, 
and  so  for  any  other  directiou  of  the  pressure.  Should  tliere, 
however,  be  any  difficulty  in  so  arranging  the  surface  aa  to 
have  it  normal  to  the  rceuttaut  of  the  pressure,  it  may  receive 
a  position  such  that  one  component  ox  the  resultant  shall  be 
per)>endicular  to  it,  and  the  other  parallel ;  the  latter  bciu|r 
counteracted  by  the  friction  and  adlu-sion  between  the  base 
of  tho  bod  and  the  surface  of  the  rock.  If,  owing  to  a  great 
declivity  of  the  surface,  the  whole  cannot  be  brought  to  tlie 
same  level,  the  rock  must  be  broken  into  i)te|w,  iti  order  that 
the  bottom  courses  of  tlio  foundation  tbroughmit,  may  rest  on 
a  surface  perpendicular  to  the  direction  of  the  preasnre.  If 
fissures  or  cavities  ore  met  with,  of  so  great  an  extent  as  to 
render  the  filling  them  with  masonry  too  ex|>eiisivc,  an  arch 
nmst  then  be  foi-med,  renting  on  the  two  aides  of  the  fissure, 
to  sujjport  that  part  of  the  structure  above  it 

The  &laiy  P'cks  require  most  care  in  preparing  them  to  ro- 
edve  a  foundation,  as  tlieir  top  stratum  will  generally  tic 
found  injured  to  a  greater  or  less  depth  by  tlie  action  of  frost. 

422.  Foundations  in  Stony  Oround — lu  stony  eartlis  and 
bard  clny,  the  bed  is  prepared  by  dicing  a  treuob  wide 
Buough  to  receive  the  foundation,  and  ueep  enough  to  reach 

/he  ciim[)act  soil  which  has  not  been  injured  by  the  action  of 
£roet ;  a  trench  ^m  4  to  6  feet  wiU  generally  be  deep  enough 
for  this  purpose. 

423.  In  compact  gravel  and  sand,  where  there  is  no  li* 
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biiity  to  lateral  yielding,  either  from  the  action  of  ratu  or  ziiy 
otlier  cause,  the  IhmI  nmy  be  prei>ared  as  in  the  caw  of  %tot  y 
•ai-ttia.  If  tliero  is  daiigor  from  lateral  yielding,  the  part  wn 
which  die  foundation  is  to  rest  tniist  be  secured  by  confining 
it  laterally  !.y  meHiis  of  slieeting  piles,  or  in  any  other  way 
tliat  will  lifter  siitViiTittnt  ficciirity. 

424.  Foundations  on  Sand. — In  laving  foundations  on 
fimi  sand,  a  further  precaution  is  sometiincft  resurtod  to,  of 
placing  a  platform  on  the  bottom  of  the  trench,  for  the  par- 
pose  of  distributing  the  whole  weight  more  uniformly  over  it. 
This,  however,  seems  to  be  .unnecessary ;  for  if  tlie  bottom 
coui-ses  of  tlie  masonry  are  well  settled  in  tlioir  bed,  (here  is 
no  good  reiuon  to  appivhend  any  unequal  settling  from  the 
effect  of  tlie  superiucumbent  weight :  whereaii,  if  tne  wockI  of 
the  plfttfnrm  sliould,  by  any  accident, give  way,  it  would  leave 
a  unit  of  the  foundati<in  without  any  fiun]K>rt. 

\Vlieri  the  sand  under  the  bed  is  liable  to  injury  from 
springs  thev  must  be  cut  off,  and  a  platform,  or,  still  better, 
an  area  of  Wt^m,  sliould  compose  the  bed,  find  this  shouhl  bo 
confined  on  all  sides  tietween  walls  of  stone,  or  bf^ton  snnk 
below  the  bottom  of  the  bed. 

426-  Precautions  against  Water. — If.in  oiwningatrench 
in  sanil,  watt^r  i:^  foiiiul  at  a  flight  dcptli,  and  in  such  quan- 
tity as  to  impede  the  laboni  of  the  workmen,  and  the  trench 
cannot  bo  kept  dry  by  the  ueo  of  pumps  or  scoogis,  a  row  oi 
slieeting  piles  nuint  lie  driven  on  each  side  of  the  space  occu 
pied  by  it,  somewhat  below  the  bottom  of  the  bed,  the  nand 
on  the  outside  of  the  Bheetine  piles  be  tluown  out,  and  it* 
place  filled  with  a  puddling  of  clay,  to  form  a  water-tight  en- 
closure round  the  trench.  Tiie  excn^'ation  for  the  bed  i»  tlien 
commenced ;  but  if  it  bo  found  that  rlio  water  still  makes 
rapidly  at  the  bottom,  «inly  a  small  portion  of  the  trench  must 
be  ojiened,  and  after  tlie  lower  courses  are  laid  in  this  por- 
tion, the  excavation  will  be  gradually  effected,  as  fast  as  the 
workmen  can  execute  the  work,  without  diOiculty  from  the 
water. 

426.  Foundattons  in  Compressible  Soils-  Tlio  beds  of 
foundations  in  compressible  soils  require  peculiar  care,  parti- 
cularly wheu  the  soil  is  not  homogeneous,  presenting  more 
resistance  to  pressure  in  one  point  than  in  another;  for,  in 
that  caAe,  it  will  be  very  dithcult  to  guard  against  nneqnal 
Kttling. 

421.  lu  ordinary  clay,  or  earth,  a  trench  is  dug  of  Ihe  pro- 
per width,  and  deep  enough  to  reach  a  stratum  beyond  the 
action  of  frost ;   the  bottom  of  the  trench  is  then  levelled  off 
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to  receive  the  fouudatioii.  This  may  he  laid  immediately'  on 
the  bottom,  or  else  wpon  a  ^n7/(M/#  and  jtlatfomh.  In  the 
first  case,  the  stones  loi-ming  the  lowest  course  ehouM  te 
firmly  settled  in  their  beds,  l>y  ranirainj;  them  with  a  very 
lieavy  beetle.  In  tlie  second  a  tiuiLM,'r  grating,  termed  a  gril- 
lapc  (Fig.  30),  which  is  fonned  of  a  eourse  of  heavy  l»eaiiia 
laid  lengthwise  in  the  trench,  and  eonneeted  finnly*by  ci-oss 

fjicccB  into  which  tliey  are  notched,  is  finnly  settled  in  the 
)ed,  and  the  earth  is  golitlly  pnckcd  l»etween  the  lunt^fiidinal 
and  eroes  pieces;  a  fltKiring  of  thick  planks,  termed  a  plut- 
form,  IB  then  laid  on  the  grillage,  to  receive  the  lowest  coiirno 
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of  the  foundation.  The  object  of  the  grillage  and  platform 
is  to  diffnse  the  weight  more  uniformly  over  the  surface  of 
the  treuch,  to  prevent  any  jwrt  fn^m  yielding. 

428.  Repealed  failures  in  grillages  and  platforms,  arising 
either  fnim  the  compreesion  of  the  woody  fibre  or  from  a 
transversal  etratn  oena.sinnpil  by  the  8nbft»il  offering  an  nnoqiial 
resistance,  have  impaired  confidence  in  their  efficacy.  En- 
gineers now  prefer  beds  formed  of  an  area  of  beton,  as  offer- 
mg  mere  security  than  any  bed  of  timber,  either  in  a  uni- 
fonnlv  or  unequally  uomprcfBible  soil. 

426.  The  preparation  of  an  area  of  b^ton  for  the  bed  of  a 
foundation,  vnW  depend  on  the  circumatanccsof  the  caae.  In 
nitliiiary  cnstw  tlie  wton  is  thrown  into  the  trench,  and  care- 
fully raumicd  in  lavers  of  fi  or  9  inches,  until  the  mortar  <!oI- 
lectB  in  a  semi-fluid  state  on  the  top  of  the  layer.  If  the 
base  of  the  bed  is  b^  ho  broader  than  the  ton,  itn  sides  mnal 
be  confined  by  boards  suitably  arranged  for  this  puiiK»e. 
Whenever  a  layer  is  left  incomplete  at  one  end,  and  another 
U  Ihid  iipcm  it,  an  o^t  shoula  be  left  at  the  uiifiuishod  ex- 
13 
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treinitj",  for  tbe  puirmeo  of  connectiu?  tbc  twt  lavere  more 
£rmly  when  tlm  work  on  the  unfiniBheoPHTt  is  rcsaittod. 

Cunsidc'i'ublu  eooiioiny  ni&v  bo  cffec-tcu,  iti  the  quantity  of 
h6Um  i-eqiiired  for  the  he*!,  by  uaiuc  lai-ge  bl'Xjks  of  stone 
wlii^h  tihoutd  bo  bo  distributed  tlirou^ioiit  the  layer  tlint  the 
beetle  will  uieet  with  no  difficulty  in  eettUiig  the  betou  bo- 
tweeii  and  arunnd  tlio  blocks. 

When  ftpriugs  rise  tbnmgh  the  soil  over  whieh  the  h(iton  it 
to  be  spread,  the  water  from  tlicin  must  either  be  convoyed  o3 
by  artificial  channels,  whiuh  will  prevent  it  rising  through  the 
niaas  of  b^ton  and  wai«hing  out  the  lime;  or  eli»  strong  cloth, 
prepared  so  as  to  be  impermeable  to  water,  may  be  laid  over 
tlie  etirfare  of  the  soil  Ui  receive  the  bed  of  Wton. 

The  artificial  channels  for  eonveyiug  off  the  water  may  bo 
formed  either  of  stone  blocks  with  somi-eylindnejil  ehannels 
cut  in  them,  or  of  semi-cylinders  of  iron,  or  tile&,  as  may  be 
most  convenient.  A  suflieiunt  number  of  these  channels 
should  be  formed  to  give  an  outlet  to  the  water  as  fast  ae  il 
rises. 

Aix  imi>ermoablo  cloth  may  be  formed  of  stout  canvas, 
preparcil  witlt  bitunilnou^  pitch  and  a  drying  oil.  It  is  well 
to  have  the  cloth  doubh^  on  eaeh  side  with  ordinary  canvas 
to  prevent  acciJeiite.  The  manner  of  settling  the  cloth  on 
tlie  surface  of  tlie  soil  must  depend  on  the  circumstanoes  of 
the  case. 

Each  of  the  for^;oing  exiiedients  for  preventing  the  actioD 
of  springs  on  an  area  of  boton  has  been  tried  with  success. 
Wlien  iirtificlal  channels  are  used,  they  may  bo  completely 
choked  ^ubi^etjiiently,  by  injecting  into  them  a  semi-fluid 
hydraulic  cement,  and  the  action  of  the  springs  be  thus  de- 
stroyed. 

I'^oundatiou  beds  of  b^ton  are  frequently  made  without  ex- 
hausting the  water  frr>m  tlie  area  on  wliich  tliey  are  laid.  For 
this  purpose  the  betou  is  thrown  in  layere  over  tlie  area,  by 
using  either  a  wix>den  coiidnit  reachiiifi;  nearly  to  the  jKiSition 
of  the  layer,  or  else  by  placing  the  bdton  (Fig.  31)  in  a  box 
by  wlticli  it  is  loworeu  to  the  position  of  the  layer,  and  from 
which  it  is  deposited  so  as  not  to  ponnit  the  water  to  separate 
the  lime  from  the  other  ingredients. 

A  conduit  for  immereing  hydraulic  concrete,  formed  of 
boiler  ii-on,  has  becu  used  on  sotuc  of  our  public  works.  The 
body  of  it  is  cylindrical,  and  made  iu  secitunis  which  can  be 
peaaily  successively  fastened  on  or  detached ;  the  bottom, 
luviug  the  form  oi  a  conical  frustimi,  is  fastened  to  the  low* 
cat  section  of  the  body.     The  conduit  is  auspeuded  vertically 
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b  om  a  raovable  crane,  or  crab  engine,  by  a  Btrong  mrew,  bj- 
wliich  it  cau  be  raised  or  lowered,  so  as  to  admit  the  concrete 
to  rat^ajio  fmm  the  l>odv  through  the  oonical-ehaped  end,  to 
be  spread  and  compresBcd  by  the  movements  of  tlte  crane  and 
•crew. 
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Shonld  it  be  fonnd  that  springs  boil  np  at  the  bottom,  it 
innirt  be  covered  with  an  imperiiieaMe  cloth. 

430.  Foundations  in  Morehy  Soils.  lu  manihy  anils  the 
principal  difKi-tilty  consist*  in  forming  a  bed  Biifficienrly  firm 
to  give  BtabilitT  to  the  stmctare,  owing  to  the  yielding  nature 
of  the  soil  in  all  directions, 

TJie  following  are  some  of  the  diapoeitions  that  have  been 
tried  with  succeea  in  thia  case.  Short  piles  from  6  to  12  feet 
long,  and  from  6  to  9  iiiclies  in  diameter,  are  driven  into  the 
Boil  aa  close  together  aa  they  can  ho  crowded,  over  an  area 
consideral)ly  greater  than  that  which  the  stnicture  is  to  occu- 
py. The  heads  of  the  pilea  are  accnrately  brought  to  a  level 
to  receive  a  grillMfe  and  platform ;  or  else  a  layer  of  clay, 
from  4  to  6  feet  thick,  is  laid  over  the  area  tliua  prepared  with 
piles^  and  is  either  solidly  rammed  in  layers  of  a  foot  tlucb, 
or  submitted  tci  a  ver>"  hcavj-  pressure  for  some  time  before 
commencing  the  foundations.  The  object  of  prepuring  tlie 
bed  in  this  inanner  ifi  to  give  thenpper  stratum  of  the  soil  all 
the  (irraneBB  possible,  by  subjecting  it  to  a  etrtmg  compresaion 
from  the  piles  ;  and  when  this  has  been  effected,  to  procure  a 
firm  l)ed  for  the  lowest  course  of  the  fonndation  by  the  jgril- 
la^  or  clay  bed  ;  bv  these  means  the  whole  prossare  wiu  be 
nnifonnly  dietribtitcd  thrtjugiioiit  the  entire  area.  Tliis  case 
is  also  one  in  which  a  bed  of  boton  would  replace^  with  great 
advantage,  either  tlie  one  of  clay,  or  the  grillage. 
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The  yuiuumm  to  vhirh  tlie  ihoit  pOet  an  appUfld  in  tfatt 
0M«  b  difFerent  from  Uic  '^lijefrt  to  m  attaiiied  nuftUj  in  the 
ctuy\:iyment  of  jiiliit  for  fnnntJotkina;  which  tatotrmnAmit  the 
wbi^tit  €•£  th«  »tn]ctar6  lli«t  re*ta  on  the  piles,  to  a  tirm  in- 
cjiiiprfMible  Kfil,  overlaid  by  a  compreeeililc  one,  that  doe* 
not  offfT  itiiOicient  fimiiUiM  for  the  Tied  of  Oie  fuiindation. 

431.  Foundationa  on  Piles.  When  a  lirm  soil  is  overlaid 
hy  ono  of  a  r^tirnprcHible  charwiter,  and  its  distance  l>clow  the 
Borfaee  !»  such  tliat  it  can  be  reached  hj  pile*  of  ordinary  di- 
HMmxioTi^,  thcj  Bbcmld  be  wmkI  in  preference  to  any  other  plan, 
whLMi  they  eao  be  nmdered  durable,  on  aocoant  of  their 
economy  and  the  itecnrity  they  afford. 

To  pr(^>are  the  l>ed  to  receive  the  fonndatioiu  In  thin  case, 
Rtfvmg  piles  are  driven,  at  eqnnl  dii>tancee  apart,  over  the  en- 
tire area  <>n  which  the  stnictDro  ia  to  reftt.  Tliese  piles  are 
driven  until  they  meet  with  a  firm  stratum  below  the  com- 
premblc  one,  which  ofTers  sufHcient  resi»tance  to  prevent  them 
from  pcncLrariiif;  fartlier. 

I'iles  are  f^norally  from  9  to  18  inehes  in  diameter,  with  a 
Ieng;tl»  not  aW'e  iit)  times  the  diameter,  in  order  that  lliey 
may  not  bend  under  the  stroke  of  the  ram.    Tliey  are  pre* 

J  fared  for  driving  by  strippini^  them  of  their  bark,  and  paring 
lown  the  icnot«,  so  that  the  friction,  in  driving,  may  tie  re- 
dneml  an  much  an  [HisBible.  'flie  head  of  liie  pile  is  usually 
envircleil  liy  a  BtrtHig  hoop  of  wrought  iron,  to  prevent  tlie  pile 
fnim  being  split  by  the  action  of  the  ram.  The  foot  of  iJie 
pile  may  n^eive  a  */*/«  formed  of  ordinary  boiler  iron,  well 
fitted  and  aptkod  on ;  or  a  caet-irun  shoe  of  a  suitable  form 
fur  penetrating  the  soil  maybe  cast  aronnd  a  wrooght-irou 
bolt,  by  means  of  wliich  it  is  fastened  lo  the  pile. 
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482.  Sorew  Piles.  In  localitips  wh«re  it  has  been  found  im- 
practicahlo  to  rewDrt  to  any  of  the  uBiial  means  of  foundations, 
ns  on  HiiiidjiitB,  or  on  l)eds  of  a  soft  eonglomerate  formed 
of  shells,  clay,  and  the  oxide  of  iron,  such  as  are  found  on  oni 
Snnthern  coaats,  iron  screw  piles  have  been  used  with  sucoeea 
particularly  for  Ught^house  stnicturea  of  iron. 
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These  pi'ca  have  tlie  screws  of  diEFcrant  fomu  dccording  tc 
the  soil  tliey  are  to  be  used  in.  The  poiut  being  little  or 
nothing,  and  the  thread  of  the  screw  very  broad,  for  looe'* 
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soils ;  the  point  becomiu/  sharper  and  the  thread  of  the  screw 
more  narrow  as  tiie  eoi)  bec-onies  liarder. 

Disk  Piles.    lu  some  pai-te  of  India  this  species  of  pile  hM 
been  advauiagttuusljr  employed. 
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Thtee  piles  are  made  hollow  of  iron,  and  have  a  circular 
dii^k  attached  to  the  ftK)t.  A  hole  is  made  in  the  disk  to 
allow  water  to  pasa  thronffh. 

Pile  Ejnginea.  A  machine,  termed  &mle  sn^ijiet  is  used 
for  driving  pilefi.  It  consists  esaentialfy  of  two  uprigUta 
&inlv  connected  at  top  bv  a  cross  pim-e,  and  of  a  ranij  or 
rru/nkey  of  cast  iron,  lor  driving  the  pile  by  a  force  of  por- 
cnssion.  Two  kinds  of  eni^ines  are  in  use ;  the  one  termed  a 
crab  engine,  from  the  machinery  used  to  hoist  the  ram  to  the 
height  from  which  it  is  to  fall  on  tho  pile ;  the  oUier  the  rin(f- 
ijuf  engine^  from  the  monkey  being  raiAod  by  the  sudden  pull 
of  several  men  upon  a  rope,  by  which  the  ram  ia  drawn  up  a 
few  feet  to  descend  on  the  pile. 

The  crab  engine  is  bv  far  the  more  powerful  ma^Jiine.  but 
w  this  acconut  is  inapplicable  in  some  ctsofli  as  in  the  dri^  ing 
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of  cBBt-iron  piles,  where  the  force  of  the  blow  might  destroj 
the  pile ;  also  in  long  Blender  piles  it  may  cause  the  pile  to 
spring  BO  mnch  as  to  prevent  it  from  entering  the  subsoil. 
The  Bteann  pUe  dnmer  is  but  a  modification  of  the  orah 
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Shftw's  gv/nprnnder  jnle  driver  consists  essentially  of  two 
Dprights  or  guides,  between  which  are  placed  the  ram  and 
powder  chamber.  The  latter  consists  of  a  cast-iron  cylinder, 
having  a  socket  in  its  lower  end,  and  a  powder  chamber  at 
the  upper.  The  ram  differs  from  that  m  ordinair  nse  only 
by  having  a  plunger  made  to  fit  the  powder  chamber,  at  the 
bottom,  and  a  cylindrical  cavity  at  top,  extending  about  half 
way  down.  At  any  convenient  point  on  the  guides  is  placed 
a  piston  made  to  fit  into  the  ram,  to  take  the  place  of  an  air- 
cushion  in  taking  up  the  recoil,  in  case  the  chaise  shonld  be 
toojgreat 

Work  is  begun  by  placing  the  powder  chamber  on  top  of 
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the  pile  to  be  driven,  putting  a  cartridge  in  the  rhamLcr,  and 
allowing  the  ram  to  fall.  Tbo  cxplosiyu  of  the  cartrideo 
tlinfM'B  the  mm  «p  and  drives  the  pile  duAvn  projiortionallj'. 
Another  cartridge  is  tlin>wii  in  and  tlie  operation  repooten. 
The  oniv  limit  to  the  rnpiditj-  of  tlie  blows  is  the  size  of  tha 
cartridges  and  the  rapidity  with  which  they  are  supplied. 
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for  driving  Bcrow-pilee  a  capstan  is  fitted  to  the  head  of 
the  pile,  and  motion  w)mmunicated  to  tlie  pile  either  bv  men 
trtking  hold  of  the  capstan  bars  and  walking  around  with 
th«ni,  or  \yy  altachiiig  an  endlofis  rope  or  chain  to  the  exti-enii- 
ties  of  the  bais,  and  Fitting  it  in  motion  by  machinery'. 

For  setting  disk-piles,  water  is  forced  down  through  tiie 
bole  in  (he  disk,  and  prodncee  a  scour  from  under  the  pile 
whii'h  gradually  eiuka  to  its  place. 

Tlie  manner  of  driving  piles,  and  the  extent  to  which  they 
may  be  forced  into  the  subsoil,  will  dej»ond  on  local  itircum* 
ttatices.  It  6oinetime«  lianpene  that  a  neavy  blow  will  efFect 
lesa  than  Rovpral  alighter  blowg,  and  that  piles  after  an  iuter- 
v«l  botweeu  suecesaive  volleys  of  blows  can  with  diiUcnlty  be 
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atartCf!  lU  first.  In  aome  uasea  the  pile  breaks  below  tlie  sor 
face,  and  Ci»nlimias  Ui  vieM  to  the  uluws  hy  (lio  fibres  ol  the 
lower  extremity  beiug  eruahed.  These  diiliculties  rfit^iiire 
carQi'ul  attention  on  Uic  {Mirt  ot  tbu  ciigtiiucr.  Piles  bhould 
bo  driven  to  ati  unyielding;  i>tib6'>il.  The  Fi-uneh  iilvH  uii-^i- 
uecre  have,  however,  adopted  a  rule  to  atop  the  driving  when 
the  pile  hm  ari-iviid  at  Its  ahtolule  atf/ppa^Hf  this  bein^  inca- 
Bured  by  the  further  penetration  into  tlic  aitltsoil  of  abuut 
i^ths  or  an  Inub,  caused  by  a  volley  of  thirty  blows  from  a 
ram  uf  800  lbs.,  falUiig  fruiu  a  height  of  5  feet  at  each  blow. 

433.  If  the  hiywl  of  a  pile  has  to  Iw  driven  below  the  level 
to  wliich  the  ram  deacenda,  another  pile,  termed  fipun^Jt,  la 
used  for  the  purpose.  A  cast-iron  socket  of  a  suitable  form 
embraces  the  head  of  the  pile  and  the  foot  of  the  puneli,  and 
t}ie  efVeut  of  the  blow  ia  titua  tranamilted  tlii'ough  the  puuub 
to  the  pile. 

434.  AVhen  a  pile,  from  breaking  or  any  other  catise,  haa 
[0  be  drawn  out,  il  i^  done  by  nsing  a  long  beam  as  a  lever 
for  the  purpoao ;  the  pile  being  attached  to  the  lever  by  a 
vhaiu  or  rope,  auitubly  udjnsled. 

435.  The  iiuinl>cr  (if  pile*  re<iuired  will  be  regulated  by 
the  weight  of  the  structure.  Where  the  piles  are  driven  to  a 
firm  subsoil,  tliey  may  be  siibjeeted  to  a  working  strain  of 
lOOlJ  puuiida  to  the  square  inch  of  orosa  seetioii  at  Utp.  In 
tlio  tiotitrary  caac,  and  whei*o  the  rcsiatanco  oflforod  ivaullft 
maiuly  fntm  tliat  of  frietiun  on  the  exterior  of  the  piles,  the 
Working  (itniin  should  be  vedueed  to  200  pmndstotlie  84^[uare 
inch.  The  least  distAuee  apart  at  which  the  piles  can  bo 
driven  with  oaao  ia  about  2}- feet  between  their  eentrea.  If 
they  are  more  crowded  than  tlila,  tlicv  nuiy  ftu'co  eneh  otiier 
wp  aa  they  are  auecessivoly  driven.  \Vhen  this  ia  found  to 
take  place,  the  driving  sliuuld  be  commenced  at  the  centre  of 
the  area,  and  the  pile  should  be  driven  with  the  butt  cud 
downward. 

436.  Kn»in  experiments  carefully  made  in  France,  it  ap|>ear8 
that  piles  which  resist  only  in  virtue  of  the  friction  arising 
from  the  conipreswon  of  "the  soil,  cannot  be  suliiected  with 
safety  to  a  load  greater  than  onc-hfth  of  that  which  piles  of 
the  same  dimcuaious  will  safely  support  when  driven  into  a 
tinn  soil. 

43*7.  After  the  piles  are  driven,  they  are  sawed  off  to  a 
level,  to  receive  a  grillage  and  platform  for  the  foundation. 
A  lai'gu  beam,  termed  a  ctipj/tng,  is  6r&t  placed  on  lite  heads 
of  till!  oiiittide  row  of  pilea,  to  wliich  it  ia  fastened  by  mcana 
of  vootlen  plua,  or  tree-tuiiU,  driven  into  au  auger-bolo  made 
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ihniiigl)  the  cap,  into  the  head  of  each  pile,  AfUr  the  cap  is 
firifd,  longituoinal  benms,  termed  htring-piece^f^  are  laid 
lengthwise  on  the  heads  of  eacli  niw,  and  rest  at  each  extrem- 
ity on  the  cap,  to  which  they  are  faateued  bv  a  dove-tail  joint 
and  a  wuodcru  pin.  Another  Beries  of  beams,  termed  croM- 
jnecen,  are  laiu  crosswise  ou  the  strlne-piecee,  over  the  headd 
of  each  ravt  of  piles.  The  cross  ana  sliine  pieces  are  con- 
nected by  a  notch  cut  into  each,  so  that,  when  put  together, 
their  npper  surfaces  may  be  on  the  sarao  level,  and  tliey  are 
fast^ncxl  to  the  lieads  of  the  piles  in  the  same  manner  as  the 
cajipin*;^.  The  exti-emities  or  tlie  cross-pieces  rest  on  the  cap- 
piiit;,  and  are  tonucvted  with  it  like  tlie  striuc-pieces. 

The  platform  is  of  thick  planks  laid  over  tJie  grillage,  with 
the  extremity  of  oatrh  plank  resting  on  the  cappm^,  to  which, 
and  to  the  string  and  cross  pieces,  the  planks  are  fastened  bj 
nuilis 

The  eappinc  is  iisuallr  thicker  than  tlie  croes  and  string 
pieces  by  the  tiiit-kness  of  the  plank ;  when  this  is  the  case,  a 
rablit'l,  about  four  inches  wide,  must  be  made  on  the  inner 
ed^  of  tlie  tapping,  to  ro*«ivG  the  ends  of  the  planks, 

438.  An  objection  is  made  to  the  platform  as  a  bed  for  the 
foundation,  owing  to  the  want  of  adhesion  between  wtMjd  and 
mortar;  from  wTiieh,  if  any  unequal  settling  should  take 
place,  the  fonudations  would  bo  exposed  to  slide  off  the  plat- 
form. To  obviate  this,  it  has  l>een  proposed  to  replace  the 
prilhigc  and  platform  by  a  layer  of  Itdton  resting  partly  on 
the  head^  of  tne  piles,  and  i>aiily  on  the  soil  between  them. 
This  means  would  furnish  a  firm  bed  for  the  masonry  of  the 
ftuiudations,  duvtiid  of  the  objeutious  made  to  the  one  of  tim- 
ber. 

To  counteract  any  tendency  to  sliding,  the  platform  may  be 
inclined  if  tliere  is  a  lateral  pressure,  as  in  the  case,  for  ex- 
ample, of  the  abutments  of  an  arch. 

439.  In  soils  of  alluvial  formation,  it  is  common  to  meet 
with  a  sti-atiim  of  clay  on  the  surface,  underlaid  with  soft 
mud,  in  which  ease  the  driving  of  sliort  pile^  would  be  iniu* 
riona,  as  the  tcnncity  of  the  stratum  of  clay  would  be  de- 
stroyed by  tlie  oj>eratii>ii.  It  would  be  better  not  to  disturb 
the  u[>|)cr  stratum  in  this  case,  but  to  give  it  as  much  firmneea 
AS  poc>6ible,  by  ramming  it  with  a  heav)-  beetle,  or  by  eubmit- 
ling  it  to  a  heavy  pressure. 

The  piere  of  tlie  bridge  ovnr  the  Seekonk  river  are  fonned 
of  rlueters  of  piles  driven  through  the  mud  to  a  tirm  subsoil. 

These  piles  arc  of  hard  Soiitneni  or  yellow  pine,  hewn  to 
twelve  or  fourteen  inches  S(|uarc,  according  to  t)ie  size  of  the 
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twenty  inches  I'o  tho  othere,  to  four  antl  six  feet  below  tlic  top 
of  the  crust.  Tlie  cjlindera  arc  aix  and  fi%-e  foot  in  diameter 
fur  the  lai^  and  small  ehistors,  and  the  void  epace  left  be- 
twecu  them  and  the  flusters  ts  filled  in  with  good  wmcrote. 

440.  Piles  and  sboetiiie  pilea  of  cast  iron  have  boon  nsed 
with  complete  success  in  England,  both  for  the  oi-dinary  pur- 
poaee  of  cofferdams,  and  for  permanent  structuros  for  wbarf- 
ing.  Tlie  piles  have  been  cast  of  a  variety  of  forms ;  in  some 
caeee  they  have  been  cast  hollow  for  tlie  purpose  of  excavat- 
ing the  soil  within  the  pile  as  it  was  driven,  and  thus  facili- 
tate its  penetration  into  the  subsoil.  Fig.  40  represents  a 
horizontal  section  of  one  of  tho  more  recent  arrangements  of 
iroQ  piles  and  sheeting  piles. 
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441.  Sand  has  also  been  used  with  advantage  to  form  a  bed 
for  foundations  in  a  very  ooinnrosaible  soiL  For  this  purpose 
a  trench  is  (Fig.  41)  excavated!,  and  filled  with  sand;  tnesaud 
beii^  spread  in  layers  of  about  0  indies^  and  each  layer  being 
GnDiy  settled  by  a  heavy  beetle^  befoi-o  laying  the  uoxt,    S 
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water  should  make  rapidly  in  the  trench,  it  wonld  not  be 
practicable  to  pack  tho  sand  in  layers.    Instead,  therefore,  of 
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opening  a  trcncli,  boles  about  6  feet  deep,  and  6  inches  in 
diameter  (Fig.  4ii),  should  be  made  by  means  of  a  ehoit  pile, 
as  close  toeetber  as  prHctii^ble ;  wliun  tJie  pile  is  wttbdniwii 
from  the  hole  it  ia  immediately  fiUed  -mth  sand.  To  cause 
the  sand  to  pack  firmly,  it  ahould  be  slightly  moistened  before 
placing  it  in  the  holes  or  trench. 


FIlT-  i9  —  R'-l'T'-'"^!!"    1  '—-f^-Tp  of  ft  Ima 

;??T         ir.'.„!i   I    ,1  ji,^lr   I,;  i;,  ,  ,^    \,Mm  «tlt 

A,  bulo*  filled  with  Mad. 


Sand,  when  need  in  this  way,  poefiessee  iho  valnable  l>)'op- 
GTty  of  aesumin^  a  new  position  of  erjuilibrluni  and  Etability, 
should  the  6oil  on  wlncii  it  is  laid  yield  at  ain*  of  it«  points. 
Not  only  (!<««  tliifi  taike  p!ai;e  alimi;  ilie  base  ni  the  Band  bed, 
but  alfto  along  ibi-  e(li;ei^,  or  eides,  uhen  tlieao  are  enckiised  by 
the  sides  of  tlie  trtncli  made  to  receive  the  bod.  Thia  last 
point  offcre  also  some  additional  eeourity  ai^inst  yielding  in  a 
lfltci-n1  direc-tion.  The  Lied  of  eand  mn&t,  m  all  cases,  i-eoeive 
autlidmit  thiuknesB  to  cause  the  presBuro  on  ita  upper  surface 
to  be  dii-tribntcd  over  the  entire  liaae. 

442.  ^V^lcn,  from  the  fluidity  of  the  eoil,  Uie  vertical  pres- 
sure of  tJie  structure  cau^ca  the  soil  to  rise  aroond  the  i>ed, 
thiB  action  uiay  be  comiteracted  cither  bv  ecoopiiij;  out  the 
soil  toeOHie  di-plli  around  the  bed  and  replacing  it  by  another 
of  a  more  compact  nature,  well  ramnn-d  ni  layers,  or  with  any 
rubbish  of  a  solid  character ;  or  else  a  mass  of  loose  stone 
may  be  placed  over  the  surface  exterior  to  the  bod,  whenever 
the' character  of  the  structure  will  warrant  the  expense. 

443.  Precautions  against  Lateral  Yielding.  The  soils 
which  have  been  torincd  co(ii)ircs^ible.  fitrictly  speaking,  >'iold 
only  by  the  diRplftcoiueiit  of  their  particles  either  in  a  lateral 
direction,  or  uuwai-d  nroiind  the  structure  laid  upoji  them. 
Wliore  this  action  arises  from  the  effect  of  a  vertical  weight, 
miiformly  distributed  over  the  base  of  the  bed,  the  preceding 
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motlrHU  for  g^nng  permanent  stability  to  rtruclnre  present 
bU  rei^iiisite  Beciinty.  But  when  ttie  structiii'e  itt  t«uujected 
ilea  to  a  lateral  preesnre,  as,  for  oxampio,  that  which  would 
Brwo  from  the  autiuii  uf  a  bauk  of  earth  resliug  a^^aiust  iXx 
back  of  a  wall,  additional  mt-ana  of  security  are  demaudcd. 

One  of  the  mo«t  obvious  expedients  in  tliis  case  is  to  drive 
a  row  of  stwnp;  square  piles  in  juxtaposition  immediately  in 
oi»i1act  with  the  exlerinr  edges  of  the  Ixjd.  Tliis  expedient 
is,  however,  ordy  of  8or\*iRe  where  the  piles  attain  eitlier  an 
incompressilde  soil,  or  one  at  least  firmer  Than  that  on  which 
the  bod  innncdiately  rests.  For  otherwise,  as  is  obvious,  the 
piles  only  serve  to  transmit  (he  pressure  to  the  yielding  soil  in 
ocmtact  with  them.  IJat  where  they  are  driven  into  a  lii-m 
soil  below,  they  gain  a  fixed  point  of  resistance,  and  the  oidy 
inseeiirily  thev  oner  is  either  by  the  rupture  of  the  piles,  from 
the  crma  etram  upon  them,  or  fi-om  me  yielding  of  the  linn 
subsoil,  from  the  same  eaii&e. 

In  isu>ti  the  pilts  reach  a  linn  enbsuil,  it  will  lio  best  to  scoop 
ont  the  upi>er  yielding  soil  before  driving  the  piles  and  to  fill 
in  between  and  an-tind  them  with  loose  broken  stone  [Via.  43). 
Tliis  will  pivQ  tlic  piles  greater  atiffnces,  and  cffeutualfy  pre* 
rent  them  from  spreading  at  top. 
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AVhen  the  piles  caimot  be  soctircd  by  attaining  a  firm  sub- 
soil,  it  will  be  better  to  drive  them  around  the  area  at  some 
distance  from  the  bed,  and,  as  a  further  precaution,  to  place 
horizontal  bnttrffsaes  of  masonry  at  regular  iutervals  from  tlie 
bed  to  the  piles.  By  this  arrangeuicut  stpme  additional  secn- 
rity  is  gained  from  the  connler-pi-esaure  of  the  soil  enclosed 
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between  the  bed  and  tho  wnll  of  yWes.  But  it  is  obTions  thfts 
nnlcee  the  pile*  in  this  case  ore  drivfii  into  a  firmer  whI  than 
that  on  which  the  etmcture  rests,  tliere  will  still  be  danger  ot 
yielding. 

In  usnifr  horizontal  buttresBeB,  the  etoue  of  which  they  are 
con«truoted  shniilil  lie  dressed  with  oare ;  their  extremities 
near  the  wall  of  piles  shonid  bo  connected  by  honzontal 
arches  (Fig.  44),  to  distribute  the  prcesuro  more  iinifMrnilv; 
and  where  tlicrc  !»  ati  upward  oressuro  of  the  suil  anxnid  the 
Btructure,  anBiiig:  from  its  weigat,  the  buttreeeea  ought  to  be 
in  tlie  fonn  of  reversed  archett. 

In  bnttresses  of  this  kind,  as  likewise  in  broad  area»  resting 
on  a  verv  yielding  Boil,  since  as  mnch  danger  is  to  be  appro* 
hended  ham  their  breaking  bv  their  own  weight  as  from  any 
other  cauM),  it  must  bo  carefully  guarded  agaiufit  SonicthitiK 
may  be  done  for  this  purjKwe  by  rnnitniiig  tJio  earth  amunu 
tho  etniPtiire  with  a  heavy  bc<?!tle,  when  it  can  bo  made  more 
compact  by  thiH  means  ;  ur  else  a  part  of  tlic  upper  soil  may 
be  removed,  and  be  roi)la(M>d  by  one  of  a  more  compact  natnro 
which  may  be  rammed  in  layers. 
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iTie  following  methods,  where  tboy  can  be  resorted  to,  and 
■wnere  the  character  of  the  Btriictnre  will  justify  the  OKpense, 
have  been  found  to  ofiFer  the  best  Becority  in  the  cafie  in  quea- 
tioD. 

When  vlie  bed  can  be  buttreased  in  front  with  an  embank 
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nient,  s  low  counter-wall  (Fig.  46)  may  be  built  parallel  to 
tlie  edge  of  the  bedtSJid  some  10  or  12'feet  from  it;  between 
tjiis  wall  and  the  bed  a  reversed  arch  connecting  the  two  naay 
be  built,  and  a  surcharge  of  earth  of  a  cuin]>act  character  and 
well  Tamnied,  may  be  placed  against  the  eounter-wall  to  act 
by  itB  coimter-pt-eesiire  agaioet  the  lateral  pressure  upon  the 
bed. 

FIb-  4  tTrwMtiM  til*  Bw&> 
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When  the  bed  cannot  be  bnttrnsed  in  fmnt,  as  in  quay 
walls,  a  grillage  and  platform  Bupportcd  on  piles  (Pig.  46) 
may  be  built  to  the  ruar  from  the  back  uf  the  wall,  for  the 
pui-po60  of  6iip|wii-ting  the  embank iiicnt  against  the  back  of 
tlte  wall,  and  preventing  the  effect  which  its  prees'irc  on  the 
Bobeuil  might  Lave  in  thrusting  forward  the  bea  of  the  founda- 
tion. 

In  addition  to  these  meana,  land  ties  of  iron  will  give  threat 
atlditi'iiml  pef!urir>',  when  a  fixed  point  in  rear  of  the  wall  can 
be  found  to  attach  them  firmly. 
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?Oimi>ATTON»  OF  STRUCTCRBa  IN  WATRR. 

444.  In  lading  foundations  in  water,  two  difilcnlticB  hftire 
to  bo  overcome,  uoth  of  which  require  great  reaoiirccB  aad 
care  on  tlic  part  of  tho  engineer.  The  first  is  found  in  me 
means  to  he  nec(i  in  preparing  the  bed  of  the  foundation  ; 
and  the  second  in  securing  the  bed  from  the  action  of  waier, 
(o  insure  the  enfety  of  the  foundations.  The  Inst  is  generally 
the  more  difficult  ])r<ihlom  of  tlie  two  ;  for  a  current  uf  water 
will  (midnaUy  wear  away,  not  only  every  variety  of  hwac  fioils, 
but  aUt  the  more  tender  rocks,  sncli  as  must  varieties  of  eand- 
stone,  and  the  ealearonns  and  argillaceous  rocks,  particularly 
when  they  are  stratified,  or  are  of  a  loc*o  texture. 

445.  'fo  prepare  the  bed  of  a  foundntiou  in  stagnant  water 
tiie  only  difiicnlLy  that  preecnta  itaelf  is  to  exclude  llio  water 
from  the  area  on  whicli  tlie  structure  is  to  rest.  If  the  depth 
of  water  is  not  over  4  foet,  tJiis  is  done  by  surrounding  the 
area  with  an  ORlinaiy  water-tight  dam  of  clav,  or  of  wimc 
other  binding  earth.  For  tliis  purixwe,  a  shallow  trench  u 
formed  around  tlie  area,  by  removing  the  soft  or  loose  stratum 
on  the  bottom;  the  foundation  of  the  dam  is  conimenwJ  by 
filling  this  trench  with  the  clay,  and  tlie  dam  is  made  by 
spreiwing  sueecssive  layers  of  cfay  abont  one  foot  thick,  and 
pi-eBBiug  each  laver  as  it  is  spread' to  render  it  more  compact. 
Wlii'ti  the  dam  is  eoinpleteu,  the  water  is  pumped  mit  irinn 
tJie  cnidosed  area,  and  the  bed  for  tlio  foundation  is  jn-eparcd 
u  on  dry  land. 

446.  When  the  depHi  of  staffnant  water  is  over  4  feet,  and 
in  nninin*;  water  nf  any  deptii,  tho  ordinary'  dam  muKt  be 
replaced  bv  the  cofTer-dam.  This  constmction  <:onsists  of 
two  rows  o?  plank,  tcrnicd  sheeting  pihs^  driven  into  the  soil 
^■ertically,  forming  thus  a  coffer-work,  between  which  clay  or 
binding  earth,  termed  the  jmddling^  is  filled  in,  to  form  a 
water-tight  dam  to  exclude  the  water  from  tho  area  encl'ised. 

The  nrrangenieut,  construction,  and  dimensions  of  wjffei^ 
dams  dojiciid  nn  ihcir  spet'.ific  objeet,  the  depth  of  water,  and 
tho  nature  of  the  subsoil  on  which  tl»e  coffer-dam  rests. 

With  regard  to  the  first  point,  the  width  of  the  dam  bfl- 
tween  the  sheeting  piles  should  be  so  regulated  as  to  sene  aa 
a  sfaiffolding  for  the  machinery  and  materials  required  about 
the  w*nrk.  Ttiis  is  j>eculiarly  requisite  where  thecoucrdain  eu- 
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clfwcft  ftn  isolated  poeition  i-cmoved  from  the  ehoro.  The 
interior  amoa  enclosed  b^-  ttie  dam  Blinuld  have  tlie  requisite 
capacity  for  receiving  the  bed  of  the  foundatiouft,  and  such 
niatoriala  and  machinery  as  niaj  bo  required  within  tlio  dara. 

The  width  or  thickness  of  the  coner-dain,  by  which  ii 
anderstood  the  distance  between  tlie  sheeting  piles,  should  be 
BiiSicieut  not  only  to  be  impermeable  to  water,  but  to  form, 
by  the  weight  nf  tlio  ptiddling.  in  (v.>inbtiiatioii  wiiJi  the  reeis- 
tance  of  the  timber-work,  a  wall  of  anflitiient  strength  to  reeist 
the  horisontal  pressure  of  the  water  on  the  exterior,  when  the 
interior  space  is  pumped  dry,  The  resistance  offered  by  the 
weight  oi  the  puddling  to  tlte  pressure  of  tlie  water  can  bo 
BH&iTy  calculated;  that  offered  by  the  timber^work  will  depend 
upon  the  manner  in  which  the  framing  is  arranged,  and  tho 
means  taken  to  stay  or  buttreca  the  dam  from  the  eucloeed 
space. 

The  most  simple  and  the  usual  construction  of  a  coffer-dam 
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(Fig.  47)  consists  in  driving  a  row  of  ordinaiy  straight  piles 
amund  the  area  to  be  enclosed,  placing  their  centre  lines  aoont 
4  feet  Asnnder.  A  second  row  is  driven  parallel  to  the  first, 
the  rcB]>ectiTe  piles  being  the  same  distance  apart;  the  dls- 
trtiiie  iM'tween  the  centre  lines  of  tJio  two  rows  Seing  so  regu- 
lated as  to  leave  the  reqnisite  thickness  between  the  sheeting 
piles  f'>r  the  dam.  The  piles  of  each  row  arc  connected  by  a 
liorizonlal  beam  of  squai-e  timber,  tenned  ft  siring  or  tniZd 
j>M!t!tf,  placed  a  foot  or  two  above  the  higheat  water  line,  and 
14 
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itotclied  aii'l  bolted  to  each  pile.  Tlie  stiitg  pieces  of  the 
inner  row  of  pilee  ai-e  placed  on  Uio  side  next  to  the  urea 
eiiclo»od,  and  uume  of  the  outer  row  on  tlie  outaido.  Ci-ost 
bcauiB  of  square  limber  connect  the  string  piocea  of  the  Cwo 
r».)W8  npon  which  they  an>  notched,  serving  ui^tli  to  prevent 
(lie  rows  of  piles  fnini  spreading  from  the  prosenro  that  may 
be  thn)wn  on  them  and  a*>  a  joieting  for  the  scaffolding.  Oir 
the  opposite  aidee  of  the  rows  interiiJi-  strin":  pice-e*  are  placed, 
about  Hie  same  level  witli  tlie  exterior,  for  the  piirptine  of 
ee^^'ing  both  ns  guides  and  supports  for  the  sheeting  piles. 
The  sbeetiiig  piles  being  well  jmnted  are  driven  in  jiixtap«i 
tion,  and  against  the  interior  string  pieces.  A  third  course 
of  string  or  ribbon  pieces  of  smaller  scantling  confine,  by 
ineaiiB  of  large  Bpikes,  tbe  slieoting  piles  aguin&t  the  Interior 
string  pieces. 

As  has  been  stated,  the  thickness  of  the  dam  and  the  dimen- 
sioiiR  of  tlio  timber  of  which  tlic  coffor-wurk  is  mode  will  dc- 
iH'ud  iipca  tbe  p!-e»witre  due  to  the  head  of  water,  when  the 
interior  space  is  pumped  dry.  For  extraordinary  depths,  the 
engineer  w<»nld  not  act  prtiaentlv  were  he  to  neglect  to  verify 
by  cahMilation  tbe  e(niini>rinin  between  the  pretsnro  and  i-o- 
Bistani'p;  but  for  onlinan- depths  under  10  rcet,  a  rule  fol- 
lowed is  to  make  the  thickness  of  the  dam  10  feet;  and  for 
dcpthti  over  10  feet  to  give  kh  additional  thiekncss  of  one  foot 
for  every  otlditioiiid  depth  of  three  feet.  Tliis  rule  will  give 
every  sc(^-.unty  agaiuf^t  tiltrations  through  the  IkhIy  of  tlie  dam, 
but  It  might  not  give  uuflicieiit  strengui  unless  tlic  scantling 
of  the  ooffor-work  were  suitably  iucrcasod  in  dimensions. 

In  sGry  deep  tidal  water,  coffer-dame  have  been  nmde  in 
offsets,  by  using  three  rows  of  sheeting  ]>iles  for  the  pui*jK»Be 
i-if  giviiig  greater  tbiekno&s  to  the  daui  Itelow  tin?  low-water 
level.  Ill  such  cases  strong  square  piles  closely  jointed  and 
tongiied  and  grooved,  should  bo  tised  in  place  ot  thoor<]inary 
sheeting  piles. 

nceidee  pi-oviding  against  the  pressure  of  the  head  of  water, 
suitable  dimensions  must  be  given  to  tlie  sheeting  piles,  in 
order  ttmt  thov  niay  sustain  tlio  pressure  arising  broin  the  pud- 
dling when  the  interior  space  is  emptied  <3  water.  This 
pressure  against  the  interior  sheeting  piles  muy  be  further 
mcix'at^ed  by  that  of  the  exterior  water  upon  tlie  exterior 
Kbeeliiig  niloA,  slionbl  the  pressure  of  the  latter  be  greater 
than  the  toinicr.  To  pro^  Ide  more  eocurely  against  the  effect 
of  those  pressures,  intermediate  string  pieces  may  be  placed 
ogninst  the  interior  row  of  piles  before  the  sheeting  pifta  are 
driven;  and  the  opposite  sides  of  the  dam  on  tlie  interior  may 


TOr:*I>All0H8   OF   gTHUOTtTBES. 


911 


t)c<  t)tittreesed  by  oksb  pieoee  readiiiig  across  tbe  top  Rtring 
pieces,  liod  by  horizontal  boams  placed  at  iutermediato  poiuta 
between  the  top  and  I>ottom  of  the  dam. 

The  main  inconvenience  met  with  in  coffer-dams  ariaea 
from  the  dilKcuJty  of  preventing  leaka^  under  the  dam.  In 
all  cases  tJic  piles  iniifit  be  driven  int()  a  firm  t^lraliun,  and  the 
sheeting  piles  fthunld  equallv  have  a  fii-m  fiKjting  in  a  lena 
cioue  compact  substratum.  When  an  excavation  h  reqnisite 
on  the  interior,  lo  uncover  the  subeuil  ou  which  the  bed  uf  tho 
friiindation  is  to  he  laid,  the  tthceting  piUtti  slionld  be  driven 
at  least  as  deep  as  this  point,  and  somewhat  below  it  if  tha 
resiBlanoc  offered  to  the  driving  does  not  prevent  it. 

The  puildlin^'  &hoidd  be  formed  of  a  mixture  of  tenacious 
clay  and  Rand,  as  this  mixture  eettlee  better  than  pure  clay 
alone.  Before  placing-  the  puddling,  all  the  Boft  mud  and 
loiise  soil  hetween  the  ftlieetiu^  piles  should  l«!  (.Tin-fully  ex- 
traL^ted;  tJie  puddling  shouldXe  placed  in  and  compressed  in 
layere,  care  being  taken  to  agitate  the  water  as  little  as  prac- 
ticable. 

With  requisite  tare  coffer-dama  may  bo  ugcd  for  founda- 
tions in  any  depth  of  water,  pi-onded  a  water-tight  bottoming 
can  be  found  for  the  puddling.  Sandy  bottoms  offer  tlie 
greatest  difficulty  in  this  respect,  and  when  the  deptli  of 
water  is  over  5  feet,  exti-aordinary  precantiona  are  requisite 
to  prevent  leakage  under  the  puddling. 

When  the  deptli  of  water  is  over  10  feet,  particularly  wliere 
the  bottcim  i&  compoBud  of  several  feet  of  soft  mud,  or  of  looee 
soil,  below  whicli  it  will  be  neceeear}'  to  excavate  to  obtain  a 
finn  stratum  for  tlio  bed  of  the  foundation,  additional  precau- 
tions will  be  reqinVite  to  give  suflieienl  i>np|>ortr  to  the  interior 
abeeting  piles  against  the  pi-essure  t'f  the  puddling,  to  provide 
against  leakage  under  the  ])uddling,  and  to  strengthen  tho 
dam  against  uio  pressure  of  the  cxteiior  water,  when  the  inte- 
rior spai-^  is  pumped  dry  and  excavated.  The  best  means  for 
these  ends,  when  the  locality  will  admit  of  their  application, 
is  to  fonn  the  exterior  of  tJie  dam,  as  has  already  oecn  de- 
scribed, by  using  piles  and  sheeting  piles,  giving  to  the  latter 
additional  points  of  Bnpjx>rt,  by  mterniMiate  string  piecef 
between  the  one  at  top  and  the  bottom  of  the  water ;  and  to 
form  a  strong  frauu'ng  of  tiudier  for  a  support  to  tho  interior 
sheeting  piles,  giving  to  it  the  dimensions  of  tlie  area  to  be 
'inclosed.  The  framework  (fig.  4S)  may  bo  composed  of 
upright  square  beams,  placed  at  suitable  distances  apart,  de- 
{lending  on  the  strength  required,  upon  which  square  Btring 
pieoou  are  bolted  at  suitable  diataneea  from  the  top  to  the 
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bottom,  the  1»ntt<.irii  string  reetiug  on  tlio  snrface  of  the  innd 
The  string  jtioces,  serviu^  aa  sui>jK>rt»  for  the  Bhcetini;  pile*, 
must  be  on  the  sides  of  the  uprights  towanla  the  puddliiij;, 
Bitd  their  fawa  iu  the  same  vertical  plane.    Between  ea^ 
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pair  of  oppofiito  nprights  horiz/intal  bIiopos  may  be  placed  at 
the  points  opposite  the  position  of  the  string  pieces,  to  in- 
crease the  resistance  of  the  dam  to  the  pressure  of  the  water ; 
the  top  shores  vxteiidiiig  entirely  acroiMi  the  dain,  and  being 
noUshcd  on  ilie  top  stritig  pieces.  The  interior  shores  must 
bo  6(1  arrau^red  that  the^v  can  be  readily  taken  ont  as  the  ma- 
sonry oil  the  interior  is  built  up,  replacing  them  by  other 
shores  ]*estiug  against  the  masonry  itself. 

447.  Caisson  and  Crlbw?ork  Cofi&r-dams.  In  the  con* 
Btrudtiou  of  the  foimdatioiiB  for  the  iiiera  and  abutments  of 
the  Victoria  tubular  iron  railroad  bridge  over  the  river  Saint 
Lawrence,  at  Montreal,  the  engineers  had  to  contend  against 
unusual  difTic.tiltieA  ;  in  a  i-ocky  bottom  covered  with  bfjulders, 
which  prevented  the  use  of  piles ;  and  in  a  swift  current, 
bringiug  down  in  the  spring  of  the  year  ononuuus  Holds  oi 
ico,  the  ofFctte  of  whicn  none  uf  the  ordinary  methods  of 
caisson  or  cnflfer-danis  oould  liave  withstood. 

These  ditlicultics  were  snuccssfully  met,  hi  some  cases  by 
tbo  use  of  a  liirge  water-tight  caisson,  shown  in  plan(Fig.49), 
and  in  cro^-section  (Fig.  50),  of  such  a  form  and  dimensions 
as  to  leave  a  sufiicient  interior  area,  between  its  interior  sides, 
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for  a  coffer-dHiD,  and  fcr  the  ground  to  be  occapied  for  the 
constritetion  of  the  fonndfltions  of  the  pier.  In  others  (Fig 
Dl),  where,  from  the  velocity  of  the  current,  the  caissona, 
from  their  great  bulkipi-oved  unmanageable,  bv  enclfwing  the 
area  to  be  t>ccupied  by  crib-work,  sunk  upon  tlie  bottom  and 
heavily  laden  with  Rtune;  and  exterior  to  this  forming  a 
second  sitiiilar  enclosure;  and  then,  by  means  of  sheeting 
piles,  supported  against  the  opposite  Ki^es  of  these  two  eu- 
c]o3tire0,  lorraing  a  coffer-dam  oetween  them. 
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The  caisson  (Tig.  4Q\  consisted  of  two  parts,  the  two  sidea 
and  up-6LreaTn  we^e^naped  head,  and  a  rectangular-shaped 
portion  B,  which  fitted  in  between  the  two  sides,  forming  the 
down-stream  end,  and  which  could  bo  detached  and  Hoatod 
off  when  it  became  neeeesary  to  remove  the  entire  cai-ison. 

The  caisson  (Kig.  60)  was  fla^bottf^med,  with  vertical  aides ; 
and  it  was  provided  with  a  strong  flat  deck,  to  receive  the 
workshops,  machinery,  and  materials  for  pumping,  dred^ng, 
mud  the  oonstrnctioii  of  the  masonry. 

When  placed  in  f>osition,  it  ^vas  moored  to  a  loaded,  sunken 
crib-work  up-stream ;  and,  besides  the  exterior  gnide-pilea, 
long  t\v(viiicn  inm  l»olrs  were  inserted  into  Imles  arillc<i  into 
the  solid  rock,  throngji  vertical  holes  bored  tlirongh  the  piles. 
In  this  way,  through  the  bearing  of  the  piles  on  the  liottom, 
the  foothold  given  by  the  bolts  and  the  mooiing-tackle,  the 
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diaon,  when  Buiik,  war  boI  idl j  Becurcd  against  accidouu  from 
ivfta,  or  othor  fluutiug  budies. 
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Tlic  interior  side*  of  the  coffer-dam  were  Rtroiiply  buttreiB 
ed  by  lu'rizonlal  Iwjains,  to  withaUnd  the  preasiiif  uf  the  water. 
These  boanift  were  reiuoved,  and  tlicir  pkcea  giippliod  by 
shorter  buttrusscs  placed  between  tlic  sides  of  the  coffer-dam 
and  pier  as  the  nutboiiry  was  carried  up. 

The  cribwork  dams  were  constructed  of  a  number  of  crilja. 
each  about  forty  feet  in  length,  wtiich  were  placed  end  to  end 
(0  form  iho  sii^es  of  the  euchwintis,  and  Btr«.>ng)y  uonuected 
with  cncli  other.  Sumo  of  the«e  were  eotutniutod  uu  shore, 
and  towed  1o  their  poeitione.  Some  were  uoiiBiriKited  in  the 
water  behind  mooring  cribs,  and  others  npon  the  ice  during 
the  winter,  and  £unk  in  position. 

A  fliKifing  (Fig.  51)  was  made,  about  midway  between  the 
Um  and  bottom  c)t  the  cribs,  to  receive  the  blocks  of  stone  with 
which  the  cribft  wei-e  h>aded,  to  secure  them  frum  tlie  eifocta 
of  tlie  preft9iireof  the  ice  iu  ita  spring  moTement,  and  the 
collision  of  tluuting  bodiea. 

I'he  (■-itln4otis  were  not  of  adequate  streuglh  to  resist  the 
crush  of  the  ice.  and  had  to  be  pumped  out  and  romc  ed  to  a 
aeenre  i><wtion  before  the  closing  of  the  rirer.  The  cribs 
were  planked  )ver  at  lop,  and  remained  in  place  as  long  as  ny 
quired  for  the  work. 

448.  When  the  bed  of  a  river  presents  a  rooky  S'lrfaco,  oi 
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pook  cmcpod  with  but  a  few  feet  of  mud,  or  looee  soilt  cas» 
may  occur  in  which  it  will  be  more  economical  and  eqaall^ 
Mie  to  lav  a  bed  of  bdton  without  exhausting  tlie  tvater  from 
the  area  to  be  built  uii;  enchjsiiu;  tlie  area,  before  throwing 
ill  tlie  beton,  bj  a  aimjilc  (njfierwork  formed  of  a  stroDg 
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framework  of  uprights  and  horizontal  beams  and  sheeting 
piles.  The  fraiiiework  (Fig,  52|  in  this  rase  ifl  comiJ<jeed  of 
uprights  connected  by  elriii;i  uiei-cs  in  pairs;  each  pair  is 
notched  and  bdlled  to  tlio  upriy;ntfi,  a  fiiifKcicut  ioterval  being 
left  between  them  for  the  insertion  of  the  aheetin:^  piles.  To 
eecare  the  framework  to  the  rock,  it  may  l>e  re^piisite  To  drill 
holes  in  the  ruck  to  receive  the  foot  of  each  uprii^ht.  The 
holes  nmy  be  driUod  l»y  meanfi  of  a  long  iron  bar,  termed  a 
Jumper^  which  is  used  for  this  parpoae,  or  else  the  oi-dinary 
diviti^-huU  mav  bo  employed.  This  maclune  is  very  dcrvice- 
able  in  all  similar  oonstnictiuns  wliere  an  examination  of 
work  under  water  is  r^qni^itc,  or  in  eases  where  it  is  neoo»- 
aary  to  lay  masonry  under  water.  The  framework  is  put 
together  on  land,  floated  to  its  position,  and  eettted  upon  the 
nick ;  the  sheeting  piles  are  then  driven  into  cloee  contact 
with  tlie  surface  uf  the  rock. 

440.  The  conve7iience  and  economy  resultiiift  from  the  nae 
of  Wton  for  the  bt^a  of  structures  raised  in  water  have  led 
General  Trenesart  to  propoee  a  plan  for  laying  beds  of  this 
material,  and  then  to  take  advantage  of  tneir  strength  and 
impermeability  to  conslmct  a  coffer  dam  upon  tliem,  in  order 
to  carry  on  tlie  snijeratmcture  with  more  care.  To  effect 
this,  the  space  to  be  occupied  by  the  )>ed  (Fig.  53)  is  firet  en- 
i?loeed  by  iM|uai-e  pilca,  driven  in  juxta^Kisitiun  and  secured  at 
top  by  a  string  piece.  The  mud  and  hxj«o  soil  are  then 
»oooj>ed  from  the  eucluedd  area  to  the  firm  soil  on  which  the 
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b«d  of  beton  is  to  be  laid.  The  bed  o£  bdton  la  next  laid 
with  tlie  U6ual  pracautioiu,  and  whtlo  it  is  still  »oft  a  second 
row  of  square  piles  is  driven  iuto  it,  also  in  juxtapositiou,  aud 
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at  a  suitable  distance  from  tbe  first  for  the  tliickneM  of  the 
dam ;  tlieee  are  also  secured  at  top  by  a  string  piece.  Orosa 
pieces  are  notcherl  npon  tho  string  pieces,  to  peciire  the  rows  of 
piles  and  form  a  Bcanolding.  An  ordinar.'  puddling  is  placed 
ID  between  the  rows  of  piles,  and  the  interior  space  is  pumped 
dry 

Bhonld  the  soil  ander  the  bed  of  b^ton  be  permeable,  the 
pressure  of  the  water  on  the  base  of  the  bed  may  be  sttfflcient 
to  raise  the  bed  and  the  dam  upt:>n  it,  when  the  water  is  taken 
from  tho  interior  space.  A  proper  calculation  will  show 
whether  this  danger  is  to  b«  apprehended,  and  should  it  bi| 
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a  proTJaioiud  weight  must  be  pliiwd  on  the  dam,  or  the  bed 
of  b^tODj  before  exhausting  the  iuLerior. 
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460.  'Wlien  the  depth  of  water  is  gi-eat,  or  when,  from  the 
permeability  of  the  eoil  at  tlie  bottom,  it  is  diffifinit  to  pre- 
vent Ieaka£;e,  a  coffer-dam  may  be  a  less  economical  method 
of  laying  Riimdatioiis  than  the  caisson.  The  oaui«(m  (fie.  54.) 
is  a  strong  watertight  veMel  having  a  bottom  of  solid  Tieavy 
timber,  and  Tertieal  sides  so  arrant^  that  lliey  can  be  readi- 
ly derai;hed  from  the  bottom.  The  following  is  the  attnal 
arrangement  of  the  eftisaon,  it,  like  the  coffer-dfim,  being  bu1>- 
ject  to  changes  to  suit  it  to  the  locality.  The  bottom  of  the 
caiEson,  serving  as  a  platform  for  the  foundation  eouree  of 
the  iiiaBonry,  ih  made  level  and  of  heavy  timber  laid  in  jiixta- 
poeition,  the  ends  of  the  beams  being  tnintined  by  tenon.^  and 
8crcw-b"]is  lo  longitndinnl  capping  pieces  nf  larger  dimen* 
sions.  Tlie  sides  of  the  box  arv  usually  vertical.  The  Hides 
are  formed  of  upright  pieces  of  scajitling  covei-od  with  lliick 
piank,  the  seamn  being^  carefidly  calked  to  make  the  caisson 
water-tight  The  lower  ends  of  the  nprighta  are  inserted 
into  shwlow  mortises  made  in  the  capping.  The  ajTange* 
ment  for  detaching  the  sides  ie  effected  m  the  following 
manner:  Strong  h'x»ks  of  wmught  in)u  arc  fixed  to  the  bot- 
toux  <if  the  ciiisM>n  at  theMdca  of  the  (Mipping  piece,  oi:iito 
B]^K>nding  to  the  points  where  tlie  uprights  of  the  &ide8  &ro  in 
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serted  into  tins  piuee.  Pieces  uf  strfjiiff  BeRTtlliii;;  ore  laid 
fti-r.«a  the  top  i)f  tho  cAiaaon,  rcatiigoii  tlio  oppiwiui  iipri;;hl». 
upon  which  ihey  arc  uotcho<l.  These  cross  pioc'cs  projcci 
b«yoi"i  the  sides,  and  the  prujectiiig  parts  are  perforaU'd  b^ 
nn  atiger-liole,  large  eiiuiigii  to  receive  a  bolt  of  twu  iuckufl  in 
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diameter.  The  chjeot  of  thote  otobb  pleeee  U  twofold  ;  the 
first  is  to  buttresa  tlte  sides  of  the  caisson  at  top  ag^iuHt  the 
pxtorior  pressure  of  the  wnler;  and  the  second  is  to  servo  as 
a  point  of  support  for  a  long  holt,  or  rod  of  iron,  with  an  eye 
at  tlie  lower  end,  int"  which  tho  h(>6k  on  the  cappintj  piece  is 
inserted,  aiid  a  screw  at  lop,  to  which  a  mit  or  female  screw 
ifl  fitted,  And  which,  resting  on  tlio  enwA  pieces  as  a  iioiut  of 
support,  dntn's  the  boU  ti^ht,  and,  in  that  way,  attaelies  the 
s>\aQ»  and  Iiottim  of  tJie  caisson  firmly  t»jjfether. 

A  bed  is  prepared  to  receive  the  bottom  of  tho  caisson,  by 
levelling  the  soil  on  which  tho  structure  is  to  re-«t,  if  it  l>e  of 
a  suitable  cluiracter  to  receive  directly  the  fouiidatinn  ,  or  by 
flriviui;  larj*e  jtiU-s  through  the  upper  coinprc-sftible  strata  of 
the  floil  to  tho  firm  stratum  henoatli.  The  heads  of  the  pileA 
arc  sawed  ofl^on  a  level  to  receive  the  bottom  of  the  caisson. 

To  settle  the  caisson  on  its  bed,  it  is  flojited  to  and  moored 
over  it;  and  the  maainry  of  the  slrnctiire  is  commenced  uiid 
carried  up,  until  the  weight  gmuiids  the  caisson.  Tlie  caissun 
*honld  be  so  oontrived,  that  it  can  Ije  grounded,  and  after- 
wards raised,  in  case  that  the  bed  is  foniianot  to  bo  iiecurately 
tevellffl.  To  eflfcet  this,  a  small  sliding  gate  should  be  placed 
in  the  side  of  tlio  caisson,  for  tho  purpose  of  filling  it  witk 
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viit^r  Bt  pleasure.  By  meanB  of  tlii^  gat^i  tlic  eaifteon  cuii  Iki 
filled  »□(!  j^routidod,  aud  by  clwiiig  Uie  gate  luid  pumping  uut 
Uio  wal^Di\  It  can  be  set  afloat. 

After  the  caiwon  is  settled  on  its  bed,  and  the  mflsonry  of 
the  giriictiire  is  raised  above  the  snrface  of  the  water,  the  aides 
arc  dutiii-hi'd  by  tirat  iitieei'cwiiig  tiio  iiiita  and  doladiliig  tiie 
rode  and  then  taking  off  the  top  cross  pieces.  Dy  fii'st  filling 
the  caissou  with  wnicr.  this  npcintion  of  detaching  the  sidca 
can  be  niure  easily  performed. 

451.  T<(  adjmt  the  iiilea  before  they  are  driven,  and  to  pre- 
vent them  fmm  api-eadiiig  outwwd  bv  the  operation  of  driving, 
a  strong  emting  of  heavy  timbcrt  /onned  by  notching  croea 
and  lungitiidtnal  pioi.H.«  uii  eftcli  other,  and  fiisteiiing  them 
Hmily  together,  may  be  resorted  to.  This  grating  ifl  an-anged 
in  a  ^iniihir  manner  to  a  griliHgc ;  only  the  wjnare  conipiirl- 
nienie  between  the  cross  and  etrlng  pieeea  are  larger,  ao  that 
they  may  enclose  an  area  for  4  or  9  pile^;  and  instead  of  a 
single  nm*  of  crone  piecee,  the  grating  is  made  with  a  double 
row,  one  at  lop,  the  otltpr  at  the  lH>ttom,  embracing  the  Btrtng 
pieces  on  whitih  they  are  notched. 

The  grating  may  be  lixcd  in  its  position  at  any  depth  nnder 
wiiif  I-,  bv  a  few  provisiumil  piles,  to  which  it  can  be  attached. 

452.  Wliere  the  area  occupied  l>y  a  strnctnro  ib  very  oou- 
fiiderable,  and  the  depth  of  water  great,  tJie  niethn<lB  which 
have  thus  far  been  explained  cannot  he  nsed.  In  such  cases, 
a  firm  bed  is  made  for  the  strnctnre,  by  forming  an  artilicial 
'«land  of  loose  heavy  blocks  of  stone,  which  are  s^pread  over 
Oie  area,  aud  receive  a  batter  of  from  one  perpendicular  to 
uiie  bane,  U)  one  jierpendicntar  and  »\x  bat«,  acA»»tlin:r  to  the 
exposure  of  the  bed  to  the  eflFeets  of  waves.  This  bed  is 
raised  tjeveral  feet  above  the  snrfaeo  of  the  water,  according 
to  the  nature  of  the  strncture,  and  tlic  fonndatioti  is  com- 
meiH'cd  ninm  it. 

453.  It  is  important  toobserve,  tliat,  where  snch  hea-^y  massed 
arc  laid  upon  an  untried  soil,  the  structure  should  not  be  com- 
menced before  the  bed  appears  entirely  to  have  settled  ;  nor 
even  then  if  there  bo  any  danger  of  fxirther  settling  taking 
place  from  the  additional  wciglit  of  the  structure.  Should 
any  donbt!>  arise  on  lliis  jKtint,  the  bed  should  lie  loaded  with 
A  provisional  wciglit,  somewhat  greater  than  that  of  the  con- 
templated structure,  and  this  weight  may  be  gradnally  re- 
moveti,  if  composed  uf  other  materials  tlum  thoae  reqnirwl 
for  the  structure,  as  the  work  progroftsos. 

4&4.  To  ^Lve  perfect  security  to  fuuudatiouB  in  ninuiiig 
water,  the  sod  around  the  bed  must  be  protected  to  some  ex- 
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(eiil:  from  the  action  of  the  current.  The  meet  ordinaij' 
method  of  effecting  this  is  by  throwing  in  Iwiso  mawes  of 
hmken  stone  of  Rtifficient  size  to  resist  iho  force  of  the  inir- 
rent  This  method  wiU  give  all  re(jnired  seciinty,  where  the 
soil  is  not  of  a  shifting  character,  like  sand  and  gravel.  To 
secuni  a  soil  of  this  last  nature,  it  will  in  sntne  cases  he  neoeft' 
Rary  to  scoop  ont  the  l»ottoni  around  rho  bed  to  a  depth  of 
from  3  to  6  feet,  and  U.i  fill  tliis  excavated  part  with  beton, 
the  surface  of  which  may  be  prote»:ted  fnim  Uio  wear  arising 
from  tlie  action  of  the  pel)blL's  carried  over  it  by  the  current, 
by  covering  it  with  broad  flat  flagging  stxmes. 

46S.  When  the  bottotn  is  i«in(Mis«!d  of  snft  mud  to  any 

great  depth,  it  may  be  protected  hy  enclosing  the  area  witn 
iceting  piles,  and  then  nlling  in  the  enclosed  space  with  frag- 
ments of  loose  stone.  If  the  mud  is  very  soft,  it  would  be 
adviMblo,  in  the  first  place,  to  cover  the  area  with  a  grillage, 
or  with  a  laver  of  lnushwood  laid  compactly,  to  iferve  iia  a 
bed  for  iho'lwwo  stone,  and  thus  form  a  more  stable  and  wtUd 
mas«. 

406.  Pneumatic  Frocesses. — By  this  terra  we  understand 
thoee  methods  of  obtaining  foundations  in  water,  in  which 
external  or  intemal  atint«pneH«  pressure  is  the  active  r^^nt. 

These  processeB  are  dni<led  into  two  clnjisea,  viz. :  the 
jflenitm  pneumatic  and  the  vaa\ttivi  pneumatic,  the  former 
tenn  l>eing  applied  to  the  case  where  the  pressure  of  con- 
densed air  is  eiiipioyed  to  drive  the  water  out,  and  the  hitter, 
where  the  pressure  of  the  atmosphere  is  employed  to  drive 
the  water  into  a  vacuum. 

457.  Pneumatlo  Piles.— This  appellation  has  been  given 
to  cylinders  of  cast-iron,  naed  in  the  j^Iace  of  ordinary  piles  to 
reach  a  firm  siitwoil  below  the  bed  or  a  river,  suitable  for  tl»e 
cliaracter  of  the  sn^H-'ralructuro  to  n'ht.  njif»ii  if,  which,  being 
made  air-tight  on  the  sides  and  top,  hut  left  open  at  the  bot- 
tom, are  sunk  to  the  required  depth,  hv  rapidly  withdrawing 
the  air  within  them,  by  inethoils  to  be  dcst^ribed.  and  ihns 
causing  the  water  to  rush  in  thrfiugh  the  open  U-ittom,  remo- 
ving in  its  flow  the  snbsoil  iu  oonract  with  the  lower  end  of 
the  cylinder,  and  allowing  it  to  sink  by  its  own  weight,  thna 
belonging  to  the  vacutnn  pneumatic  class. 

The  cylinders  are  cast  and  put  together  very  nincli  in  the 
same  manner  as  ordiiiar\'  water-pipes;  Iteing  comjMmed  of 
lengths  of  fmm  six  to  ten  feet,  eaeh  of  whirh  lias  an  interior 
flange  at  each  end,  with  holes  for  screw-bolts,  by  means  of 
whicli  and  a  disk  of  india-rnbber,  iirserted  between  the  c(»d 
necting  flanges,  tlte  joints  are  made  air  and  water  tigltt. 
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In  tnp  flret  eega>'8  nt  tliiti  tiiodo  nf  fuundfiTioii^  tlie  cvlindera 
were  Blink  bj  simplj  exhausting  the  internal  aii,  in  tlie  oi-di- 
nan'  way,  abo^o  tne  water-level.  The  rceulte,  however,  were 
not  fMitiefocton',  as  the  pile  sunk  very  slowly. 

The  next  sten  (Fig.  55i  was  to  connect  an  air-tight  cylin- 
drical veseel,  D,  by  ineana  of  a  tnbe  A,  with  a  stop-cock, 
wit}j  tho  interior  or  the  pile  A,  and  also  with  the  air-punm, 
hy  anotlier  tul>e  lending  to  the  pump  frotn  the*  father  cna.  In 
order  to  sink  tlie  pile,  the  coimniinioation  between  it  and  the 
exhaust  chamber  D  was  first  closed,  and  that  between  tbia 
chamber  and  air-pnmn  opened.  The  air  wor  then  dr&\m 
from  D  until  a  sufficient  racuuni  was  produced,  when  the 
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ooinmnnion  with  the  pump  was  closed,  and  that  witli  the  pile 
3|)ened,  allowing  tlie  air  to  finw  fmin  it  intti  the  chamber  with 
SHisiderable  velocity.  This  sudden  disturbance  of  tlie  eqiii- 
libriuiii  between  the  oxtemal  and  hitcniaJ  preesurea  on  tho 
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pile  cansed  it  to  descend  iuetmitaneously  and  rapidly,  u  U 
Rtruck  on  the  U)p  by  h  heavy  hlow,  the  descent  w>utinning 
fjtHiiiently  many  feet  until  an  eqniUbriiiin  among  die  I'urces 
wa^  loetored. 

When  the  rcfeistaiice  to  the  further  dosceiit  of  the  pile  wat 
fonnd  tt)  he  too  great,  either  from  eomo  ahBtnietion  met  with 
fit  ihe  lM»ttoin,  or  from  the  tenacity  of  the  soil  itself,  the  inge- 
uioua  expedient  was  bit  npon  to  force  ihc  woler  from  within 
tin.*  piU".  l»y  piinipin^  air  into  it,  und  tliiw  enable  workmen 
to  (l('ft<^end  t*»  the  bottom  and  remove  the  soil  or  other  ob- 
Ptructiou  to  the  dcsecnu  The  pUin  devised  for  this  pnrp^iee 
was  to  tit  another  air-tii;ht  iron  cylindrieal  vessel  C  to  the 
top  of  tlie  pile,  of  snihcient  diameter  and  bci^lu  to  hold 
Buvcral  workmen,  and  a  Arindlasa  W,  aniuijj;ed  with  an  end- 
le«a  rope  and  buckets  fur  raising  tlie  excavated  soil  into  the 
chamlier  O. 

TIic  clmnibor,  which  has  received  the  name  of  an  aif-lock 
from  its  functions,  was  provided  with  an  upper  man-hole  M  at 
top  for  entering  Uie  lock,  and  one  N  in  the  bfiltut?!  fur  enter- 
ing the  pile.  Kach  man-hole  had  two  air-tight  valves,  one 
opening  outwards,  the  other  iuwai'ds.  Two  tiibee,  C  and  D, 
with  Btnp-cot-ks,  funii&hed  an  air-passage  between  tlie  air  of 
the  pile  and  that  of  tlie  lock,  and  Ijctwecn  the  latter  and  Uie 
external  air.  A  ayphon-sliaped  wator-discliargo  tnbe  B,  with 
H  Stop-Click,  leads  inim  below  thi;  level  of  (lie  inner  wat«r 
Burface  ihiimgh  tin*  l>(>ttfini  and  side  of  \\w  Un^k. 

T}ie  operation  oi  i\i\V.h\"  the  pile  bv  fii-st  exhniiKtIng  the 
air  frijiii  the  exhaust  (.■haniber  D,  was  the  wime  in  this  ease 
aK  in  the  pn-cwling  ;  the  npiier  viUvefi  of  either  nnm-h<>le  be- 
ing eloecQ,  and  all  coinintinu'Alio]i  between  the  external  air 
and  the  interior  of  the  pile  being  cut  off  by  mean&  of  the 
btop-eocks. 

When  it  heeatne  neceswary  t<»  descend  to  the  Iwttnni  of  the 
pile,  to  remove  the  soil  or  any  obtttruction,  the  lower  valve  of 
the  lower  maii-hide.  with  tlie  tulie  0,  wore  el  used ;  tin;  dia 
charge  tube,  It,  left  opun  ;  and  the  air  forced  into  the  pile, 
by  the  pumps,  through  the  tnbe  A ;  tlio  increased  preMure 
niKin  llie  waifr  Burfaee  canned  the  water  lu  ni>o  in  ttio  tube 
B,  and  tiow  out  at  the  other  end. 

^\lJen  all  the  water  was  dischai'ged  in  tlua  way,  the  lower 
valvf  of  the  upper  man-hole,  iiud  tubes  A,  It,  and  D  were 
closed;  tlie  tube  ('  was  thtju  »>|)enoil,  through  which  the  con- 
,  densest  air  iu  the  pile  tlowed  into  the  lock,  tmtil  tlie  density 
cf  the  air  in  it  and  in  the  pile  Ijoeamo  t!ie  same;  the  lower 
valve  of  the  *:woi'  man-hote  was  then  opened,  to  allow  tht 
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workmen  to  descend,  and  the  excavated  soil  to  be  raised  into 
the  lock-chamber. 

To  take  the  excavated  material  out  of  (he  lock,  the  lower 
man-hole  under  valvo  and  the  tut)e  C  are  closed,  and  tlie  tnbe 
D  opened  ;  tlie  ctmdeiisvd  air  of  the  lock  flows  out,  and  the 
njtiwr  man-hole  lower  valve  ifi  oi)encd. 

tii  sorue  of  the  more  recent  ca^cii  of  the  appliL-ation  of 
pneumatic  piles,  the  cxhanst-eliainhcr  and  tlie  discharge 
ij\niter-pi[)e  have  been  suppresswJ  ;  conJeiised  air  being  alone 
nBed,  Ixith  to  force  the  intonial  water  out  tlirongi)  the  oiten 
bottom  of  the  pile,  to  allow  tlie  workmen  to  excavate  witliiD* 
and  also  to  produce  a  scour  below  the  lower  end,  from  the 
nifili  of  the  water  back  into  the  pile,  by  allo^^-ing  the  con- 
densed air  to  escape  rapidly  from  it.  For  this  purjKiae 
a  tube  leads  from  the  air-piimpe  tliroii"h  the  side  and  bottom 
of  the  air-lot*k,  into  tlie  pile,  to  supply  the  compressed  air. 
Another  pil*  with  a  stop-cnek  leads  through  tiie  side  and 
bottom  or  the  lock,  from  tlio  extcnial  air  to  the  interior  of 
tlie  pile,  through  which  the  condensed  air  in  tJie  pile  can  be 
diftoharg<Hl.  The  upper  and  lower  uian-holeft  have  each  an 
under  valve.  Two  equilibrium-tubee  with  Bto])-cock8,  one 
forming  a  connection  between  the  interior  of  the  pile  and  the 
air-lit<:k,  llic  other  leading  throiif^h  the  side  of  the  lock  to  the 
external  air,  funn'gh  the  ntean&  of  bringing  the  air  uf  the 
lock  to  the  6ame  density  as  that  within  the  pile,  or  that  <jcr 
tlie  atmcephere. 

To  flirt*  out  the  water,  the  lower  man-hole,  the  condensed 
air  discharge  pipe,  and  the  condensed  air  equilibrium -tube 
are  ck>^,  and  the  air  then  forced  into  the  pile  by  the 
pumpti. 

To  excavate  tlio  intcnial  wiil,  the  workmen  enter  the  lock, 
cIobC  the  upper  man-hole  and  the  upper  equilibrium- tube, 
and  open  the  lower  equilibrium-tube.  This  cBtablishes  an 
equitim-ium  between  the  air  of  the  look  aud  that  of  the  pile, 
and  the  workmen  can  then  descend  into  the  pile  aud  exca- 
vate the  soil. 

To  remove  the  excavated  s^ul  which  hafi  boon  mised  into 
the  hxik,  tjie  lower  man  hole  aud  lower  equilibrium-tube  are 
cloPcd,  and  the  upper  cquiUbrium-tube  oucued,  which  eatab- 
liahes  an  et^uilibnum  between  the  air  of  tne  lock  and  tlial  of 
the  atiiuttiphcre.  The  upper  man-hole  then  being  opened, 
the  material  in  the  lock  can  be  carried  out 

To  produce  a  scour  under  the  pile  to  allow  it  to  sink,  the 
workmen  loft\e  tlie  pile  and  lock;  the  condensed  air  dis- 
cbarge-pipe in  then  opened,  aitd  by  the  ru&h  of  the  water 
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iuto  tlio  pile  all  ohetniction  to  the  moTement  of  the  pile  U 
removed  from  ita  lower  enJ. 

468.  Double  Air-Locka.  In  some  of  U»o  more  recent  ap- 
plications of  conden^tid  air  in  Enrope,  air-locks  in  pairs  have 
been  nsed  to  aave  time. 
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The  arranfi;emciit8  in  this  case  (fiff.  56)  consist  of  a  work- 
ing chamber,  B,  tonnod  the  Ml^  wnieh  is  a  large  air-tight 
iron  cvliridrical  vessel  fastened  to  the  heful  of  the  pile,  in 
which  tlicre  is  sufficient  room  for  a  hoiBtiiig  apparatus,  M, 
and  several  workmen,  to  raise  the  excavated  soil  to  the  level 
of  the  air-UwkB;  {>f  two  small  air-ltickB,  D  and  O,  wliicli  are 
inserted  into  the  hell  ahDiit  two-thirds  of  their  length  ;  of  a 
B)'phon<6haped  water  dischar-gc-pipo  A ;  and  of  a  windlass  N 
to  raise  the  excavated  soil  out  of  the  locks. 

Each  luck  has  a  man-hole,  with  an  undervalro  on  top,  foi 
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entcrtii^  end  lock,  and  a  Tertical  dQ<)r  on  the  Rido  for  enter- 
ing tlie  hell.  Kaclt  i*  provided  with  two  sota  of  e<jiiilibrinrn 
va\ve&,  BO  arranged  that  they  can  h&rijwned  by  apei*»on  from 
within  the  bell  or  the  lock,  to  establish  an  equilibrium 
between  the  air  in  them  ;  or  from  the  outside  of  the  lock,  nr 
the  inside,  to  establish  an  ccniilibrimn  between  the  external 
air  and  that  of  the  lock. 

The  air  in  the  pile  is  condensed  by  air-piimpe  in  the  neual 
wav. 

The  hoisting-en eine  in  the  bell  has  its  gearing  ho  arranged 
that  the  filled  bucKBts  can  be  delivered  alteniatelv  into  the 
locks,  and  from  there  bo  taken  by  the  gearing  of  the  windlass 
above.  In  the  example  represented  by  Fig.  5'!,  a  weight,  W, 
formed  of  cast-iron  bars,  resting  on  brackets  cast  on  tue  out- 
ride of  the  bell,  forms  a  coimter-pressure  to  the  interior  con- 
den»ed  air. 

The  pile  is  sunk  by  opening  a  condensed  air-pipe  leading  to 
the  e.xtenial  air,  the  lower  portions  of  water  discharge- pipe 
liavin"  Iweti  removed,  and,  with  the  tools  nscd  in  excavating, 
placed  within  the  helL  • 

The  descent  of  the  pile  at  each  discharge  of  the  condensed 
air  depends  npon  the  nature  of  the  strata  met  with.  In  very 
compact  clay  the  descent  will,  in  .some  instanees,  be  only  a 
few  inches  in  several  discharges ;  while  in  sandy  or  gravelly 
strata  it  will  descend  as  much,  at  times,  as  twelve  or  nior« 
fecL  Tliia  is  owing  to  the  difference  between  the  effect  of 
the  scour,  and  the  resistance  offered  bv  the  friction  on  the 
exterior  surface  of  the  pile.  The  resistances  in  sand  and 
gravel  being  miu'h  less  than  in  stiff  clay.  It  has  been  found, 
in  some  cases,  rJiat  two  or  three  feet  of  a  compact  clay  soil 
left  witliin  the  piles  at  the  bottom  would  prevent  the  scour 
and  tlie  further  descent  of  the  pile  when  the  condensed  air 
was  discliarged. 

The  piles  are  placed  in  position  by  a  suitable  hoistings 
gearing  raided  upon  a  strong  scaflfoldiug;  and  in  tlieirdcsi-eiit 
are  kept  in  a  vertical  jMjsition  by  guides  placed  in  connection 
with  the  scaffolding.  Orcat  precautions  nave  to  be  taken  in 
managing  the  descent;  of  the  pile,  when  it  is  apunnching  the 
dcptli  to  whirh  it  is  wished^  to  sink  it,  so  as  to  Koep  tlie  ^lp 
mrface  of  each  on  the  same  level. 

In  the  first  applications  of  pncnmatic  piles,  cast-iron  cvlin 
dere  of  small  diametens  were  used;  ns  many  being  sunlc  as 
the  re^iiftatico  of  the  snbwtrattim  xi\Km  which  they  rested  re- 
quired to  support  the  base  of  tlie  Buperstmcture.  Suhse- 
qQcntlv  tlie  diameters  of  the  cylinders  were  enlarged,  to 
'l6 
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ennblft  the  boiI  to  Iw  excavated  from  tlie  int«rJf)r,  and  b« 
replac-eil  with  hydraulic  concrete.  In  Home  iiiHances  the 
wincTole  Rirai'Iv  rested  u|K)n  tho  Uottoiu  of  the  excavation. 
In  others,  wfuxU-n  piles  were  driven  within  tho  cylinder  Bomc 
distance  heUiw  ire  lower  end,  and  tho  concrete  thrown  in  tu 
rest  iijMiii  tlie  h^-ads  of  the  piles, 

Ihirhm  fi/'uhf,'. — In  tlie  Ilarlent  Bridge  the  piles  were  Bix 
feet  in  diameter,  and  cast  in  lenctha  of  ten  feet.  The  air- 
lock was  of  the  same  diameter  as  flie  \ix\vs,  and  &ix  feet  higli ; 
the  valvtw  or  iiiari-lioU'6  twenty  inches  in  diamoler.  The  most 
noticeable  feature  in  this  part  of  the  strnctnro,  is  the  cxi>odiont 
of  iwing  an  iinderniiining  of  plank  and  concrete,  to  obtain  a 
wider  sprend  of  tne  foundation  bed,  and  a  greater  bearing 
Burfftce  for  the  finperftnicturo  to  rcpt  on.  For  tliis  purpose, 
plank  five  feet  lonjr,  three  inches  wide,  and  one  iTieh  and  a 
quarter  thick  (KiV.  S5)  were  forced  under  the  lK)tt"rn  of  the 
pile,  in  sections  of  three  feet  wide  on  opposite  sides,  and  in 
an  inclined  dire4:tion,  so  ae  to  gain  an  additional  spread  of 
fotiiidfition  base  of  two  feet  around  and  beyond  tho  pile. 
Theso/ormcd  a  temporary  roofing,  from  bcr.cath  which  tlie 
■oil  was  rapidly  removed,  and  the  excavated  space  filled  in 
MHth  (Kincrcte.  Fi]iding  great  inconveuicnco  in  this  proceas, 
from  Ihe  rapidity  with  which  the  water  and  sand  caiiic  in  on 
the  sides  '">  adilitiunai  d^ndonsation  was  given  tu  tlie  coui- 
prt«aed  air  of  six  to  ten  feet  extra  water  pressure;  this  waa 
found  to  cr>untcraci  the  external  prcssuro,  eo  as  to  allow  tlie 
excavations  to  bo  carried  on  witli  facility. 

The  refuse  gna-pipes  which  were  aaed  to  convey  tho  com- 
pressed air  down  between  the  bottom  of  the  conurete  and  the 
underlying  soil,  as  well  as  giving  it  a  passage  between  tlio 
outside  of  the  pijics  and  the  body  of  tho  concrete,  were  dia- 
tributcil  tliroiigli  the  concrete  about  a  foot  apart. 

The  bnttoni  of  the  fouTidation  iu  thifi  example  was  thirty 
feet  below  tlie  surface  of  the  river-bed,  and  fifty  below 
tide. 

An  opinion  has  obtained,  from  the  condition  in  which  the 
hydraulic  concrete  was  found  in  a  pile  accidctitally  frafjtnred, 
in  which  it  had  lain  for  some  time,  that  this  material  did  not 
harden  when  subjected  to  tho  great  pressure  of  the  water 
from  the  bottom.  A  remedy,  it  18  stated,  has  been  found  for 
tliis  by  using  a  portion  of  fragments  of  a  porous  brick  in  n 
dry  state  inetcatl  'f  stone,  iu  the  compmitinii  of  the  con- 
crete, as  was  done  it.  the  case  of  the  piers  of  the  bridge  at 
Kzegedin,  in  linngary;  and  by  inserting  in  tlie  body  or  the 
ccnarete  half-inch  gas-pii>es,  tnrough  which  the  compressed 
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ur  w«8  diffuaod  throughout  the  mass,  as  pracHsed  at  th« 
Uarlein  Bridge  Uy  Sir.  ilcVlpiiie, 

Bridge  over  the  Theism. — The  »»\  below  the  hed  of  the 
river  Tbei**,  at  Szegedin,  is  alhivial,  and  foiiud  iii  altenmte 
strata  of  compact  clay  and  sand  to  an  indefinite  de]  th.  The 
current  thn.»iighout  its  course  is  sloff^^ish,  liaving  a  eurface  vDlr> 
citral  S7-i'g*«llti,diirnif' rhe  higlicst  Bt^»oofthu  waterCjuf  fn>iti 
three  to  three  and  a  half  feet.  The  nse  and  fall  of  the  water 
are  both  very  gradiiat ;  the  highest  atage  being  about  twciity- 
aix  feet,  and  the  mean  level  about  sixtceu  feet.  The  ai-ched 
ribs  and  other  Kuiwrgtrueture  of  the  bridge  were  of  wr<jught- 
iroii  plates.  Each  pier  wad  formed  uf  two  piles,  or  cuUiiitiia, 
filled  with  be  tun,  as  above  described;  and  ea<:h  siip^Hirting 
fjno  track  of  the  railroad.  They  were  ca«t  in  lengths  of  6ix 
feot,  and  ten  feet  in  diameter,  and  one  inch  and  oiie-teuth  in 
thickneiiii.  Tlie  piles  were  sunk  to  the  depth  of  about  thirty 
feet  l»e1ow  the  8urfat>«  of  the  bed ;  and  about  forty  feet  below 
the  ordinary  low-water  level.  Their  height  corresponded  to 
the  higheac  water  level,  or  neirly  thiity-Uirco  feet  above  tlio 
presumed  scour  of  the  bed. 

The  interior  excavation  of  the  aoil  was  carried  down  to  the 
first  joint,  or  six  feet  from  the  bottom  of  the  column.  To 
compress  tiie  soil  below  tlie  column  to  sustain  Iwlter  the  s»- 
perincumbont  weight,  twelve  piles  of  pine  were  driven  within 
tlie  cttlnnin  to  a  depth  of  twenty  feet  below  the  bottom. 

Tlie  air-locks  were  each  about  six  feet  six  inches  iu  height, 
and  two  feet  nine  inches  in  diameter. 

To  provide  against  the  seonr  of  the  currant,  the  entire  pier 
was  euclo&ed  by  a  row  of  square  shcetitig-piles,  driven  to  the 
level  of  the  bjttiim  <jf  the  columns,  and  about  two  feet  from 
them.  The  space  between  these  pilws  and  c^fhnnns,  to  the 
depth  of  ten  feet  below  the  bed  level,  was  fillc<l  witli  hydraulic 
concrete ;  and  the  piles  wore  surrounded  by  loose  stoue  with 
a  8p^ea^  of  about  ton  feet  from  the  piles. 

As  large  quantities  of  hydraulic  concrete  are  required  for 
filling  tlie  piles,  the  methoil  pursued  in  Germany,  and  aa 
practised  at  the  brid;;c  at  Szegcdin,  for  mixing  the  innrtar  and 
Erafpnents  of  brick  or  stone,  coininenda  itself  for  its  economy, 
and  the  thoroughness  with  which  the  materials  arc  incor- 
porated. A  wnodon  cylinder  about  twelve  feet  long,  and  foiu 
feet  diameter,  made  and  hooped  like  a  bai-rel,  and  iine<l  with 
ihect-iron,  placed  in  an  inclined  position  of  -^  to  the  horizon, 
was  made  to  revolve  by  a  band  set  in  motion  by  a  steam-en- 
gine, from  fifteen  to  twenty  revolutions  in  a  minute.  The 
cylinder  wra  fed  by  a  hopper  at  the  upper  end,  into  which 
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Uin  iiuttpriaU  wnre  thrown,  and  thev  were  diM^liar^rl  tlior 
ouglily  mixo^l  and  read^'  fur  aiuj  iitto  wheell>aiTows  at  tliQ 
lower  end.  It  U  »ttttod  that  Cliis  eimple  macliiuc  delivered 
frurn  S80  to  <)50  (;iibic  foet  in  ten  hotin. 

The  ooncrclG  is  nsiiallj  tin-own  down  into  the  pile  fnim  tJie 
bell  or  lock.     At  tho  bridge  at  Szecedin  the  donble  locka 
were,  alternately,  nearly  filled  with  the  concrete,  and  it  waa 
raked  out  from  thetii  and  thrown  into  the  pile;  care  beiiis. 
taken  to  work  it  in  well  by  band,  aroaud  the  d&nges  ana^ 
iointa. 

Tic  ST. 
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Brid^  over  the  Savannah  River  on  tho  line  of  the 
Charleston  and  Savannah  Rail  Road.     The  air-locks  on 
tliese  piles  were  similar  to  the  Uarlern  plan.      Light  wai 
admitted  into  the  air-lock  by  means  of  larg^e  bull&^ye  glusse*,! 
and  thetiea  into  the  l>odj  of  the  pile  in  the  same  way,  but 
this  mode  was  found  to  oe  worthleae,  on  account  of  the  mud 
in  the  bottom  of  the  air-lock  wliich  covered  the  glass.     Tho 
engineer  employed  a  eecondary  small  air  l<.ick  ao  tiiat  the 
material  which  was  brought  into  the  main  one  (y>uld  be  dia^J 
charged  at  any  time,  and  thus  the  work  go  on  with  leai" 
interruption,  and    tlie   biillH-cye«  became  more    Hcrviecable. 
With  the  secondary  air-lock  the  work  pn)^re88ed  more  rapidly; 
the  ratio  for  a  given  amonnt  of  work  hcing 

Time  hy  old  air-lo<A  _14 

TVnw  by  nein  air-lo>-k      b 

By  a  fortunate  discovery  the  engineer  discovered  that  the 

pressure  of  the  air  lu  the  pile  was  suflicient  to  foroe  saud  froan 
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the  bottom  of  tbe  pile  tlirongb  a  vertical  pipe  to  a  height 
above  tiio  «iirfat;e  oi  the  water  outride  the  worke.  A  sort  of 
telesoopiu  tube  wan  attached  to  the  lower  cud  of  a  pipe  so 
that  it  fjoutd  l>e  ca^ilv  umvcd  downward  as  tlic  excavation 
pro^^reeeed.  Thifl  greatly  facilitated  the  progreee  of  tlie  work, 
tor  It  was  fonud  tuit  to  do  a  given  amount  of  work  the  ratio 
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Time  by  biowiiiff  out  Mnd  ^ 
This  mode  of  excavation  has  been  adopted  to  some  extent  Iti 
the  caissons  of  the  East  River  Bridge.  This  prooess  also 
eecures  thorough  ventilation.  The  @aine  plan  had  also  been 
used  in  the  Omalta  Bridge  and  Leavenworth  Bridge  with 
eqiiallj'  g<x>d  reeulta. 

It  is  AometimeA  very  difiicnit  to  keep  the  tubes  vertical. 
Wlien  they  begin  to  incline  efforts  shoiild  l>e  made  immedi- 
ately to  bring  them  to  an  erect  uoaition.  In  some  casc« 
wedges  or  blocks  plai-ed  under  tlie  lower  side  and  suddenly 
relieving  the  preeam*^  will  ccirreet  (he  evil.  An  ingenious 
mode  was  adopted  by  the  engineer  of  the  Oiuaha  Bridge.  He 
bored  several  holes  through  the  tubes  on  the  upijor  side, 
throDch  which  tlie  compreased  air  escaiied  and  thus  aisturbcd 
the  Still  and  relieved  the  pressure  on  that  side  so  that  it  would 
sink  faster.  Strong  levers  have  been  used  to  pull  on  the  top 
whilst  the  tube  was  sinking,  but  not  with  very  niurked  re- 
sults. Iti  at  lea«t  one  very  obstinate  case,  in  wKicli  the  holes 
on  the  upper  side,  combined  with  the  action  of  a  strong  lever, 
did  not  alone  effect  the  desired  result,  a  ram  was  used  in 
combiuutton  with  the  otiier  devi(»A  and  the  erect  posititui  was 
quickly  secured.  The  jar  produt^d  by  the  ram  whilst  the 
tube  iA-»8  sinking  seemed  to  give  great  effect  to  the  other 
devices. 

Gen.  W.  S.  Smith,  who  had  charge  of  the  construction  of 
the  foundations  of  tlie  Omaliaand  Leavenworth  Bridges,  is  of 
('pinion  that  a  pneumatic  caisson,  surmounted  by  masourj',  la 
cneaperaiid  better  than  pneumatic  pile  piers,  but  it  is  evident 
that  circumstances  may  often  detennine  wbiuh  is  preferable 
in  any  particular  case. 

45&.  Pneuraatio  Caissons.  Tlie  applicafioii  of  cnnipressed 
air  f(.)r  laying  i.iundalions  bug  been  further  extended  in  some 
of  tlie  rajlrojui  bridges  recently  coustrucK-d  in  Europe;  by 
nsing  wruught-irun  caissons  of  suflicient  dimensions  to  sen-e 
as  an  envelope,  or  jacket,  for  the  masonry  of  an  entire  nier; 
and  gradually  siuking  the  whole  to  the  requisite  deptn,  by 
excavating  the  soil  within  iJie  pier  to  the  desired  level 
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The  caufons  (Tigs.  57,  58)  for  this  puipo«ij  were  divided 
into  two  compart munts, 

llie  lower  A  (Fig.  57),  which  served  aa  a  chamber  for  the 
workiiien,  for  excavating  the  soil,  vba  strongly  roofed  at  to|>, 
with  irou  Uai-a  and  iron  Bliootiug,  to  bear  tlie  weight  of  the 
masonry  that  rented  ui>oii  it ;  ana  wan  securely  buttrctuod  on 
the  side*  to  resist  the  inward  pressure  of  tiiu  wil  on  tlie  out 
side.  The  upper  chamber,  B,  served  as  au  ordinary  c-aidsoii, 
fitting  cloKoly  to  tlio  ma»>nrv  on  the  aides,  and  rising  sufH- 
cientfy  above  it  to  exclude  tfic  water  during  tlie  construction 
of  the  maBonry :  the  body  of  which,  ooinposed  of  txJtou  with 
a  facing  of  Htune,  was  gradually  mii>ed  a»  the  caissou  wae  sunk 
through  the  eartli  ovo^ying  a  bod  of  rouk  upon  wliich  the 
pier  was  llnally  to  rest. 

The  workinji  chainlwr  A  was  connected  witli  twolielU  C, 
0,  by  two  vertical  iron  cyliudcr«  D,  D  (Fig.  57),  for  eaeh 
bell ;  these  cylinders  serving  as  a  ct^minunication  between  the 
workiug-chamber  and  bells,  for  tlie  passage  of  the  workmen 
from  one  to  the  oUier,  for  raising  the  excavated  soil,  and  us  a 
passage  for  the  compressed  air  forced  in  by  the  air-pumps. 

Each  bell  contained  two  air-locks  for  communicating  be> 
tween  it  and  tliu  exterior;  mid  a  hoistiMtrgeHring  f(jr  the 
excavated  soil;  the  filled  bnckuts  ascenuiiig  through  one 
cylinder,  and  the  empty  ones  descending  through  the  i-rher. 

The  Inwer  chamber,  the  bottom  of  which  wiis  open,  was 
kept  filled  with  c^iinpreaM^d  air  of  sufHeicnt  density  Uiexehid.' 
the  water,  and  enatile  the  workmen  to  exuavate  t&e  soil. 

Tlie  caisson  w^as  gradually  sunk,  by  the  weight  of  the 
saperincumbent  mass,  as  tJie  soil  below  wob  removed. 

Bo  soon  as  the  ivck-bed  was  i-eai^hed,  the  surface  was 
thoroughly  cleaned  oflf,  and  levelled  niuler  the  edges  of  the 
botV)m  of  the  caisson,  and  the  chamber  A  was  gradually 
filled  in  with  masonry  closely  up  to  its  roof.  Fmally  the 
cylinders  D  were  removed,  and  tne  welU  occupied  by  them 
In  the  body  of  the  pier,  tilled  with  b^U^n. 

As  a  matter  of  interest,  on  the  subject  of  laying  founda- 
tions by  means  of  pneumatic  piles  and  cjii&aons,  a  few  addi- 
tional Facts  in  connection  with  the  examples  above  cited  will 
not  be  out  of  place  liere. 

Bridge  over  the  Scorflf!  In  the  example  of  the  bridge  ut 
L'Onent  over  the  Scarff,  the  river-bed  is  &  stratum  of  inud, 
forty-six  feet  in  depth,  resting  upon  a  surface  of  hard  schis- 
tfKDO  rock  moreorleaa  inclined  and  uneven.  The  level  of 
mean  tide  is  about  sixty  feet  above  the  rock  surface ;  tliat  oi 
the  highest  tide  eaventy  feet 
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The  caiflBons  used  in  this  example  were  designed  for  the 
piers  of  a  etoiie  hridgc,  and  were  about  forty  foct  long  and 
twelve  feet  broad.  The  bulls,  or  upper  working  clianibera, 
wore  ten  feet  high  aud  eight  feet  in  diameter;  the  lowei 
wurkinj^-chaiuber  t'un  feet  higli ;  and  tlio  cylinders,  for  cum- 
municatlou  between  tliein,  two  feet  and  a  half  in  diameter. 

The  caiesoufi  were  built  of  slieet-iron,  in  zones  increasing  in 
thickness  from  the  toj)  to  tlie  bottom ;  but  not  having  been 
bnttn.'ssvd  within  against  the  pressure  of  the  wuter,  as  tho 
lower  working-chamber  was,  iJiey  yielded  and  got  ont  of 
shape. 

In  a  Bubseqtiout  structure  of  nearly  the  Bainc  dimentiious, 
for  a  railroad  bridge  at  Niiut^-s,  tlie  «inie  failure  t*x»k  nlaee, 
and  preeautions  were  then  taken  against  it  by  the  insertion  of 
croas-eta)*8,  which  were  removed  as  the  masonry  was  carried 
up.  In  the  caissons  used  in  (his  case,  the  bells  and  uir-l<x:ks 
were  made  larger.  Each  air-lock  had  three  seimmte  oom- 
partments  ;  one  for  the  passage  of  the  workmen  wiiicb  could 
contain  four  men ;  one  for  tlie  barrows  by  which  the  excavated 
soil  was  removed,  and  one  for  the  t-oiicrcte  to  till  nn  the 
lower  working  chamber,  when  the  excavation  was  comijfeted. 

St.  liouis  Bridge.  The  caissons  for  the  two  piers  of  this 
bridge  differ  in  no  material  retipect,  so  that  a  description  of 
one  will  eqnalLj  apply  to  tlie  other.  Tlie  air-chambers  are 
nine  feet  higli,  the  aides  being  fonned  of  {-inch  j>latfi  inm  in 
tlie  larger,  and  ^-inclt  in  the  smaller.  The  air-chamber  is 
simply  a  hnm  divin|i-bell  of  the  full  size  of  the  pier.  The 
iron  places  K,  K  (I'ig.  5^),  forming  its  roof,  are  of  ^-ineh 
thickneaa.  Transversely  over  tliis  and  riveted  firmlv  to  it 
are  thirteen  iron  girders  L,  at  intervals  of  five  and  a  half  feet. 
Beneath  the  roof  two  mafeive  timber  girders  C,  C  (Figs.  59 
and  60),  in  an  opposite  direction  to  the  iron  ones,  divide  the 
air-chamber  into  tlirc«  nearly  equal  parts.  Communication 
between  the  three  divisions  is  had  through  openings  made  for 
this  purjHwe  in  the  girders.  These  timber  ginlers  aro 
intended  to  rest  on  the  sand  and  support  the  rod  from  below. 
The  sides  of  the  air-chainbcrs  aro  strongly  braced  with  plute 
iron  brackets  O  O,  stiffened  witli  angle  iron.  Between  tlie 
brackets  is  placed  all  amund  the  chamber  a  courvc  of  stntn^' 
timbers,  the  bottom  of  which  is  level  with  that  of  the  girders, 
intended  to  rest  on  the  sand  and  assist  in  supportiti<r  the 
weight.  The  support  given  by  the  timbers,  together  with  tJie 
buoyant  power  oi  the  compressed  air  in  the  chamber  and  the 
friction  of  the  sand  on  the  sides,  is  the  only  means  rehed  on 
to  sostain  the  pier  in  its  gradual  descent  to  the  rock. 
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Tlie  nir  lixiks  A  A,  heretofore  as  a  rule  placed  above  the 
*urfiu:e  of  the  water,  are  Ux;ated  mthin  the  roof  of  the  air- 
chamber,  and  ac<.*ess  U  had  to  them  thruugh  brick  wells  F,  G, 
thus  avoiding  the  tnuoiiveiiioQco  and  delay  of  adding  new 
joints  under  the  louka. 

Tlie  saud-piinipa  E  arc  placed  on  the  roof  of  the  chamber, 

their  suction  pljies  extending   through  tlie  (ilmiulMsr  to   the 

Baud.    The  action  of  thej>e  punijw  is  very  simple.     A  stream 

rl  water  is  forced  down  the  pipe  B,  (Fig.  til),  and  disci  ai-ged 

near  the  sand  into  the  pipe  A,  through 

**■"*■  the   annular   jet  C.      The   jet   creates 

a  vacuum  below  it,  by  whicli  the  Rand 

is  drawn  into  the  second  pipe,  tlie  lower 

end  of  which  la  in  the  Kand,  and  the 

force  of  the  jet  earries  it  up  to  th« 

mouth  of  the  pump  ao  soon  as  it  paBses 

C. 

The  abutments  at  the  east  end  of  the 
bridge  (Figs.  61  a  and  61  b)  differed  in 
some  of  the  details  of  their  construction 
from  tluj  piera. 


RK-no. 


f1l.ll.  npi— >!■  • 
B.  hfocHea  pipft. 


Hk.  n  n.  I*  k  pvt  plm  ud  pan  woJoa  o(  Xht  mm  Ktan 
MaUDlttwaLLoslaBnilfa,  flf.  SI  A,  U  itwtkal  M«ka 
«rilMwaia. 

1,  ta  tk«  toaln  *aA. 

KK.  Um  Ma  dufM. 

IIU,  Ireo  itItA***. 

00,  tfatftb-hMln. 

PP.  tha  sJrcfaKtnbw. 

QQ,  the  UmlMY  nrtan. 

BU,  tbc  tiabcr  d«cfc. 

Stiw  bw  tbaMtac. 
.-'-•■— ------    '-|  llliMM 
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The  main  bliafl  liud  twu  ;Lii'-It>i.'k)i  uL  the  luwer  end,  tAnh  \i 
feet  in  dianieU;r.  Iiavioj^about  foui-  tituL*  the  uapacit}^  of  the 
uiie  used  in  tliQ  piem.  There  wcro  ala<;  twu  oilier  shiifts  and 
air-luctcA  which  were  introduced  to  Beuuro  additional  tmfety. 
This  caiseou  wae  pi-ubahly  sunk  to  a  greater  deptii  Uiaii  auj^ 
other  in  the  world  by  the  pncnmatiu  prueutie. 

It  was  sunk  to  tlic  native  rack,  which  was  13C  feot  bolow 
high-wat«r  mark,  and  94  below  the  extreme  low-water  mark. 
It  waa  about  110  feet  below  the  eiirfaue  of  the  water  at  the 
lime  it  wa«  a>tnp]eted.  It  was  extreme)}-  hazHrd(jim  to  the 
health  and  even  hves  of  workmen  to  be  kept  under  tlie  pre*- 
sure  of  over  three  atmosphei-es  for  a  long  time.  The  gi-eateat 
eecurit^v  wae  found  in  eliangiug  them  everj'  three  or  four 
honrfi. 

Candles  burned  very  readily  at  tliia  deutli  and  preseiire. 
After  a  depth  of  about  80  feot  was  i'eai:hea.  the  candles  were 
inuloBod  ill  a  stifng-  glass  gloho,  the  inside  of  which  conimuni- 
catwi  with  one  of  the  fihatts,  and  the  presfiuro  was  i^nlat^d 
by  a  small  tube  passing  thri>ngh  the  globe  and  cuntatnuig  a 
cheek  valve.  In  tliia  way  tlie  eandlen  hiirned  in  an  atnioa- 
phere  whtise  preaenre  was  abuitC  the  aanie  an  the  external  air. 
{iSee  London  Enmn^ering.  1S70  and  1H71.) 

Eafit  River  Bridge.  The  caiwoii  f-tr  this  bridge  ia  com- 
poBed  fthnoet  wholly  of  wood.  The  airH-ihanibor  (Fig.  fi3)  is 
uiiie  feet  six  inches  higli,  the  nxii  being  made  of  fifteen 
oounos  of  timbers,  one  foot  tliick,  the  lower  live  (A)  being 
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laid  solid,  Uic  upper  ten  (C)  crosaiu^  in  alternate  layers,  and 
ii1nr<;d  ahoiit  a  foot  apart,  tile  Kpnces  between  ttie  tiinliera  being 
filled  with  concrete.  Tbtt  sidea  (B)  of  tlie  air-chainl>er  are  V 
aliape,  made  verjr  solid,  nine  feet  thick  at  top,  and  eight  inches 
$A  wm  buttum,  which  ie  heavily  diod  witli  iruu.   Beiuee» 


NF' 


7lff-«  mnMMaftvvUori  nctiMef  Uw  BnoUja  OUmm  ol  Uw  Em!  lUw  BrMn 

A,  kwer  tuntar  oonnM  ef  mot,  laid  Kdld. 

B,  limbtr  Mm  «t  ■tr<tuH»lMr. 

0.  uplMr  UatHK  awnoi  (it  wol^  Ud  (c«mm1m  ud  tpMM  UM  Id  wUb  cqeonla. 

a^  MMnmy  ot  p*w. 

B,  dan  to  imoi-nt  w>U«  fram  rM£UB(  tbrnttA 

W,  alt-*b*ll  mai  tmfk. 

&  Mipplr  •haft. 

B,  MtnftvMlcn  Aalt. 

L  Imrj  tiatm  puUHaai, 


the  fourth  and  fifth  itoureee  of  the  roof  is  laid  a  sheet  of  tiU| 
which  ie  continued  down  underneath  the  outside  sheathing. 
The  air-chainber  is  divided  into  ux  compartments  by  heavy 
timber  ffirdei-8.  The  ^bafta  through  whiai  tlie  heav^*  material 
is  raised  extend  beU-w  the  level  of  the  excavation  at  the 
bottom,  and  are  cnnptantly  open;  but  the  compressed  air  is 
prevented  from  escaping  by  a  column  of  water,  which  b 
maintained  atuearlv  tliefeanie  height  as  the  water  in  the  river 
bv  the  pressure  of  iLe  compreasea  air.  If  the  pressure  of  the 
air  should  be  made  to  greatlr  exceed  that  at  which  it  is  ordt* 
narily  uiaiutainod,  it  would  b^ow  all  the  wat«rout  of  the  shaft 
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and  the  air  wonld  entirely  escape,  but  e/orr  noceswiry  pro 
oaulioQ  was  used  to  keep  a  nruper  pressure  of  the  air.  An  ai* 
oideuC  of  this  kind  once  took  place  in  the  i3rooklyu  caisAon. 


vn. 


oturarntcoTioH  or  uasohbt. 


460.  Under  Uiia  head  wnll  be  comprised  whatever  relaiM 

to  the  manner  of  determining  the  fonns  and  dimennion*  of 
the  most  important  elementary  components  of  structures  oi 
masonrj')  together  witli  the  practical  dotails  of  their  coustnio- 
tiun. 

461.  Foundation  Courses.  As  the  objet;t  of  the  fonnda- 
tions  is  to  give  greater  stability  to  the  structure  by  dtfiEttsing 
its  weight  over  u  bn>ad  surface,  their  breadth,  ur  Hprrtidy 
should  be  proportioned  both  to  the  weight  of  the  stnicture 
&nd  to  the  resistance  offered  by  tlie  8u)}aoil.  In  a  jtcrfectly 
unvielditic  soil,  like  Imnl  rock,  there  will  be  n<i  inc^reaKe  (if 
BtaLility  hv  aiignientiiig  the  haw  of  the  strnrture  Wyund 
what  is  strictly  necessary  for  stability  in  a  lateral  direction  ; 
whereas  in  a  \fir\-  compressible  soil,  like  soft  mud,  ii  would 
he  net-easarv  to  make  the  base  of  the  foimdation  vorv  broad, 
so  that  by  diffusing  the  weight  over  a  great  surface,  the  sub- 
soil may  offer  sumcicut  resistance,  and  any  initi<|iiai  settling 
be  obviated. 

462.  The  tlkiukncseof  the  foundation  course  will  depend 
on  the  Bpread ;  tlie  base  is  made  broader  than  tlie  top  for  mo- 
tives of  economy.    This  diminution  of  tlie  volume  (Fig.  68) 


Plff.  IB— Soctloa  at  touaJAdun  < 
A.  Utuit. 


I  aail  ■apenArottni^ 


U  made  either  in  stt>p&,  termed  ofsefSy  or  else  by  gi  ring  « 
uniform  batter  from  the  base  to  the  top. 
When  the  foundation  has  to  resist  only  a  vertical  pressure 


fouhdationb. 


ui  equal  bftticr  is  given  to  it  on  each  side ;  but  if  it  has  to 
reiiifit  also  a  lateral  effort,  the  spread  should  be  greater  on  ihe 
Bide  oppueod  to  this  effort,  in  order  to  resist  its  tendency, 
whic'h  \vuiild  bo  to  iiniise  a  yiuldinj;  on  that  side. 

463.  The  bottom  course  of  the  foundations  is  usuallT 
formed  of  the  largest  sized  blocks,  rou^hlv  dressed  off  with 
the  hammer  ;  but  if  the  bed  is  eompressible,  or  the  snrfacee 
of  tlie  bhK:kd  are  winding,  it  is  preferable  to  use  blocks  of  a 
Bmall  eizc  for  the  bottom  course;  because  these  small  blocks 
can  be  linuly  settled,  by  nieaiiB  i>f  a  he«vy  beetle,  into  close 
contAf^t  with  tlie  bed,  wlii<-h  luinnot  be  done  witU  larj^-sized 
blocks,  panicularly  if  their  under  surface  is  not  perfectly 

tilanc.  The  next  course  above  the  bottom  one  shonld  be  of 
argo  blocks,  to  bind  in  a  firm  maimer  the  etnaller  blocks  of 
tlio  bottom  course,  and  to  diffuse  tlic  weight  more  unifiTmly 
over  tliom. 

464.  \Vlicn  a  foundation  for  a  stnicture  rests  on  isolated 
supports,  Uke  the  pillars,  or  colnmns  of  an  ediHce,  an  tV 
verted  or  counter-iirchy  (Fig.  04,)  should  connect  the  tup 
course  of  the  foundation  under  the  base  <if  earh  i^iluled 
support,  so  that  the  pressure  on  anr  two  adjacent  ones  may 
be  distributed  over  the  bed  of  the  ^midatton  in  the  interval 
between  them.  Tliis  precauttun  i:S  obviously  necessary  in 
oomprcstfible  soils. 


A,  tvwrwtA  ueh. 
0,  taa  of  Mowk 


The  reversed  arch  is  also  used  to  give  greater  breadth  to 
the  foundations  of  a  wall  with  cimitei'forts,  and  iu  eases 
where  an  upward  preaauro  fn>m  water,  or  a  semi-fluid  soil 
requires  to  be  counteracted.  In  the  former  case  the  reversed 
arches  are  turned  imdcr  the  counterforts ;  in  the  latter  they 
form  thepointa  of  support  of  the  walls  of  the  stnicture. 

465.  Tlie  angles  of  the  foundations  should  be  formed  of 
the  must  massive  blocks.  The  courses  should  be  carried  up 
unlforinlv  throughout  tlio  foundation,  to  prevent  unequal 
settling  in  the  mass. 

The  stones  of  the  top  course  of  the  foundation  should  be 
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BtifBoieutljr  large  to  allow  tlie  course  u£  the  aujiei-etiuuturc 
uext  atkivc  to  rest  ou  tlio  ext«rior  8tou«M  of  the  top  coui*ae. 

466.  Uydi-atilio  mortar  Bbould  be  iiaeU  for  the  louDdalit  ua, 
and  the  u|iper  courses  of  tlie  BlrDctiire  should  not  be  com- 
menced tmtit  the  mortar  has  partially  set  throughout  the 
entire  fDUiKlatiiMi. 

AGl.  Component  parta  of  Structures  of  Masonry. 
Tlieso  umy  bo  dividcil  into  several  classes,  aucording  tu  the 
efforts  they  sustain ;  their  forms  and  dimensions  depending  on 
these  efforts. 

Ist.  Thfjse  which  sustain  only  their  own  weight,  and  are  not 
liable  to  any  cwa  strain  upon  tlio  blocks  of  whieii  they  are 
formed,  as  the  walls  of  enclosures. 

2d.  Thuec  which,  besides  their  own  weight,  sustain  a  verti- 
cal preaeuro  arising  froui  a  weight  Iwinie  by  them,  us  the  walls 
of  edificea,  colnmnp,  the  picra  of  nrt^hes,  &c. 

3d.  Those  wliich  eustain  lateral  pre^wui-es,  and  crow  straius 
upon  iho  blockK,  arising  from  the  action  uf  llic  eiirth,  water, 
fntmea  or  arches. 

4th.  Those  which  sustain  a  vertical  upward,  or  downward 
pressure,  and  a  cross  strain,  as  areas,  lintels,  d'c. 

6th.  Those  wliich  transfer  the  pressure  tliey  directly  receive 
to  lateral  points  of  supports,  as  arches, 

468.  Walls  of  Enolosore.  Walls  for  these  purjKwea 
may  be  built  of  brick,  nibble,  or  dry  stone. 

Xh-ick  walls  are  usually  built  verticallv  npon  the  two  faces; 
and  their  thickness  cannot  be  less  than  that  of  one  brick. 

Hubble  stone  walls  should  never  receive  a  thickness  lese 
than  18  inches  when  the  two  faces  are  vcrti<;al.  Kondclot,  in 
his  work  PArt  tU  Jidtir,  lava  down  a  rule  that  the  mean 
thickness  of  both  rubble  and  brick  walls  should  be  ^  of  their 
heieht ;  but  nibble  st4.nu  walls  arc  rarely  made  so  thin  iis  this. 

iJty  stone  walls  should  nnt  receive  a  less  thickness  than  two 
feet  When  their  height  exceeds  Vi  feet,  their  mean  thick- 
ness should  not  be  leas  tlinn  \  of  the  height. 

btone  walls  are  usually  built  with  sloping  faces.  The  batter 
should  not  be  greater,  when  the  stx^iies  are  cumenled  with 
mortjir,  tlian  uuo  base  to  six  perpendicular,  in  urdi'r  tlmt  the 
rain  may  run  rapidly  fr«>m  tlie  surface,  and  that  the  wall  bo 
no*  toe  much  ex|K>6ed  to  decay  from  the  germination  of  seeds 
whtch  may  bnlgf  in  Uie  joints. 

Tlie  bailer  is  arrangecf  either  by  building  the  wall  in  oftsete 
from  top  to  bott'tiT..  or  by  a  uniform  surface.  In  either  case, 
the  thickness  of  the  wall  at  top  should  not  be  leas  than  from 
6  to  12  inches. 
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When  a  .rail  is  boilt  with  an  equal  batter  on  cnrh  face,  and 
the  thicknesB  at  the  top  and  thu  mcmii  thickness  are  l1xed,  Mtf 
base  oftA^  leall,  or  it«  tliickiicfw  at  tiio  liottom,  will  be  found 
hy  auotripjiitig  the  thu-Jmess  at  top  from,  twice  the  mean  thick- 
new.  Thiit  rule  uvidctitiv  maket  the  batter  uf  the  wall  de* 
{>end  upon  the  two  preceding  diinenstons. 

The  mean  thickness  of  long  walU  may  be  advanta^^eooslv 
diniiiiislied  bv  placing  wnniterforls,  or  bultreset'si,  iipon  each 
face  at  eqnal  diMances  along  the  line  of  the  w»ll.  These  ai-e 
Rpure  of  moBonn'  projecting  &onie  length  from  the  wall,  and 
are  firmly  uonneeted  with  it  by  a  suitable  bond.  Tlio  horiwu- 
tal  section  of  the  wiunterfoi-tfi  may  be  rectangular;  their 
height  should  !«  the  mime  oh  tlmt  of  the  wall. 

468.  Vertioal  Supports-  ThcAO  consist  of  walls,  colninm, 
or  pillara,  according  to  eircumstauce«.  The  dimensions  of 
the  coureeft  of  ina&ourv  which  compoec  the  supports  should  be 
regulated  by  the  weight  l>orne.  If,  as  in  the  walls  uf  cdificeB, 
the  resultant  of  the  efTortK  sustained  by  the  wall  should  nut 
be  verticAl,  it  must  not  intersect  the  base  of  the  wall  so  near 
the  outer  edge,  that  the  stune  funning  the  lowc«t  couiwwoitld 
be  in  danger  of  being  crushed. 

CiXK^  wulU  between  the  exterior  walls,  as  the  partition 
walls  of  editicos,  should  lie  regarded  as  uounterfort»  wliich 
strengthen  the  main  walls. 

4'70.  Areas.  The  tcnn  arett  is  applied  to  a  mass  of 
uia8c:)nry,  usually  of  a  nniform  thickness,  laid  over  the  ground 
enclosetj  by  the  foundations  of  walls.  It  seldom  happens  that 
are^)  have  an  upward  nre-tsui-c  to  eustain.  "Wlienever  this 
oocnrs,  as  in  the  case  of  the  Iwttoms  of  ecllars  in  cominnnica' 
tion  with  a  head  of  water  which  causes  an  upward  prcfsure, 
tlie  thickness  and  nrrangeiuent  of  the  area  should  be  regulated 
to  resist  this  pressure.  When  the  rreasure  is  const derat)le,  an 
area  of  nniform  thickness  may  not  ue  sufficiently  stronj»  to  en- 
wire  safety  ;  in  this  case  an  inverted  av-h  must  be  used.  The 
foundation  of  the  Capitol  building  nt  All>any,  N.  Y,,  rests  on 
an  immense  areity  whicli  is  fonned  of  successive  layers  of 
broken  stone  and  concrete,  making  an  area  of  several  feet  in 
stuues  of  the  piera  arc  very  large  and 


first 


thickness.    Tlie 

flat  and  nearly  cover  the  whole  area  fio  that  there  is  Htrlc 

or  no  danger  oi  an  upward  preesure. 

471.  Retaining  or  SustainlDg  Walls.  These  terms  arc 
applied  to  walls  which  sustain  h  kireral  pressure  from  an 
enibaukmcnt.  or  a  head  of  water. 

472.  Retaining  wiills  may  yield  by  sliding  either  along  the 
oasu  uf  the  foundation  cuurs^  ur  olung  one  of  the  horizuntAl 
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jcniils,  or  by  rotation  abont  the  exterior  edge  of  aome  ono  «i 
the  horizontal  joints,  or  the  line  of  fiuctiire  may  l>c  obli<)iio 
to  the  bnec. 

473.  The  dctonnlnalion  of  the  form  and  dimenBions  of  a 
relainiiig  ivall  fur  un  uinbankiiicnt  of  eurth  i«  a  probleui  uf 
cunaiclt>rabh;  intricacy,  and  tiie  niatboniatical  solutHins  whieb 
have  been  uivcn  of  it  have  generally  been  uuutlncd  to  partiuu- 
bir  eoBCB,  nir  u-biuh  approximate  rcsnlte  abmc  have  t>ccii  ob- 
tained ;  these,  however,  present  snflicient  accuracy  for  all 
praclical  purpne^s  witliiu  the  limits  to  which  the  gobitions  are 
applicable.  Anion^  the  many  sobitionHof  thin  problem,  ihi«e 
given  by  M.  Poncelor,  of  the  Corps  of  French  Military  En- 
gineers, in  a  Memoir  on  this  aiibjcL't,  published  in  tlic  Mi- 
frwr'nd  dn  VOJicier  du  Oenie.  Nu.  10,  present  a  degree  of  re- 
search and  completeness  which  peculiarly  characterize  all 
the  writings  of  tliia  ffentleman,  and  have  given  to  his  produe 
tions  a  claim  to  the  fullcet  contidenco  of  practical  men. 

The  followinf5fomiila,applieflble  to  cases  of  rotation  about 
the  exterior  edge  of  tlio  lowest  horizontal  joint,  are  taken  from 
the  memoir  alwvo  cited. 

Calling  n,  the  height  BO  (Fig-  65)  of  a  Trail  of  unifonii 
thickness,  the  face  and  back  being  vertical 
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trlUi  tbr  faor  ■ii'J  bark  vftIIo), 

r,  aDdtlBO  of  tim  tinhanlnnwit  above  Ik*  «^ 


^,  the  mean  height  CG  of  the  embankment,  retained  by  the 
wall,  ttljove  the  top  of  the  wall. 

c,  the  term  DI,  or  distance  between  the  foot  of  the  embank- 
ment and  the  outer  edge  of  the  top  of  the  wall, 

d,  the  angle  between  the  line  of  the  nntni-al  slope  BK  of  the 
earth  of  tlie  embatikment  and  the  vertical  13(i. 

f  siwit.  u.  tlio  co-efficient  of  friction  of  the  earth  of  the  em 

banknicnt. 
10,  the  weight  of  a  cubic  foot  of  the  earth. 
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v',  the  weight  of  a  cnbic  foot  of  the  niaeuury  of  the  wall 
hf  tlie  base  AB,  or  thicktiees  uf  the  wall  at  bottom. 
Then, 

4=0.74  tan.  ia*/^(A  +  1.126lI)+0.04S8A  —  0.56c  tan.  «(jj 

-O.e^J  (A       0.25). 
w     H 

The  above  formula  gives  the  value  of  the  base  of  a  wall 
with  Tcrticiil  faces,  witlun  a  near  degree  o£  Hi>pruxiiiinttun  to 
the  true  result,  onlv  when  the  vahiofi  of  the  quantities  whuUi 
enter  into  it  are  eontiued  within  i:ertain  liiuitH.  These  linuta 
are  as  follows:  for  ^,  between  0  nnJ  II  ;  c,  betwueu  0  and 
|H;  J^  botwccn  0.6  and  1.4,  which  correRpond  to  values  ot  a 
of  70^  and  ^5°,  being  in  the  one  case  the  angle  which  the  line 
of  the  natural  slope  of  very  fine  dry  eaud  afittumcs,  and  in  the 
other  of  heavy  clayey  eai'tli ;  and  for  w,  between  w\  and  ^to'. 
Besides  the«e  limits,  rjie  formula  also  rests  on  the  assumption 
that  the  moment  of  the  pressure  a^iust  the  wall  it*  1.912 
times  tho  nioineut  of  strict  equilibrium  between  it  and  the 
wall.  Tliis  excess  of  stability  given  to  the  wall  BupjKises  au 
excess  of  resistance  above  the  pressure  against  it  equal  to 
what  obtains  in  the  retainiug  walla  of  Vauban,  fur  furtifico* 
tiona  which  have  now  stooa  the  tost  of  more  tiian  a  ceutiiry 
with  security. 

474.  Having  by  the  preceding  formula  calculated  the 
value  of  b  for  a  vertical  wall,  the  base  If'  of  another  wall,  pre- 
senting equal  stability,  but  havtug  a  batter  on  the  face,  the 
back  t>eing  vertical,  which  is  the  usual  form  of  the  cross  seo- 
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tion  of  retaining  walls,  can  bo  calculated  from  the  followiqg 
notation  and  formula. 

Calling  (Fig.  66)  b'  the  base  of  the  sloping  wall 
II 
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f^  _  1^  the  batter,  or  mtio  of  the  base  of  the  alo]>e  to  ibe 

perpendicular  or  height  of  the  wall 
Then, 

h'  =  b  +  Ts«.n. 

475.  With  regard  xo  alidiiiff  cither   on  the  base  of  tho 
foundation  courses,  or  on  tlio  l>cd  of  any  of  tlic  horizontal 

I'uinta  of  the  wiilI,  M.  Poncelet  shows,  in  Oie  meiooir  cited, 
ty  a  comparison  of  tlie  results  obtained  from  ealrulaliona 
made  under  tlie  suppositionB  both  of  rotation  and  sliding, 
that  no  danger  need  oe  apprehended  from  tho  latter,  when 
the  dimenininnH  are  cahuitated  to  conform  to  tlie  fonner,  ao 
long  as  the  limits  uf  h  are  taken  between  0  and  411  ;  particu- 
larly  if  the  procaittioii  be  taken  to  allow  the  mortar  uf  tho 
mafionry  to  set  fiiitdy  before  forming  tlie  embankment  behind 
tlie  wall. 


476,  Mr.  C.  8.  Constable  read  a  paper  before  the  Americnn 
Society  of  OiWl  Engineers  in  New  York,  in  1873,  in  which  he 
showed  by  means  of  a  model  and  experiments  that  th«  prism 


which  produces  the  maximum  thrust  or  prceeuro  was  less  ttian 
GCD.  Tlie  wall,  when  composed  of  bloeks,  will  not  turn 
over  bodily  alwnt  tho  nutor  odee,  bnt  there  will  ho  a  broken 
lino  of  fracture  as  shown  by  t£o  heavy  line  in  (Fig.  C7),  tho 
geuei-al  diroetiun  of  which  correspouds  to  the  natural  slopo 
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of  the  eHrth,  altbongh  the  two  have  not  neceBaarilr  the  wime 
dirceiion.  This  being  the  case,  it  la  e\*ident  that  a  portion  of 
the  prism  GCD  will  not  Ite  active  in  overturning  Ui©  wall,  but 
on  the  other  hand  will  nrovent,  or  tend  to  prevent,  a  portion 
of  the  back  of  the  wall  from  moving  with  the  main  part 
Aba  result  of  this  investigntion  it  is  evident  that  the  for- 
ranlas  which  arc  founded  on  tho  sumiosition  that  the  whole  of 
tlio  prbm  GCD  h  active  in  producing  a  rotation  of  the  v&U 
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err  on  the  safe  side,  and  ^ve  an  unneccesaril^'  largo  UiArgin 
tor  safety. 

His  experiments  also  showed  that  the  wall  might  start  to 
fall  but  uot  fall,  and  that  it  required  considerable  jarring  to 
vauee  it  to  falL  ^yhe[l  the  movoinont  began  the  face  did  not 
remain  plane  bnt  became  curved.  This  fihows  why  in  prac- 
tice walls  have  assamed  aciir\'ed  face,  and  yet  stand  securely 
fur  many  years.  After  a  sUglu  niovemeut  has  taken  place, 
the  pre&fture  due  to  the  earth  is  slightly  relieved,  and  the 
whole  mass  takes  up  a  new  position  of  equilibrium,  until 
finally  tlie  earth  neai-ly  suppurts  itself. 

4T7.  Form  of  Section  of  Retaining  Walls.  Tlie  more 
tisiial  fcirni  uf  cross  section  is  that  in  which  the  back  of  the 
wall  is  built  vertically,  and  the  face  with  a  batter  rarylug 
between  one  base  to  sis  perpendicular,  and  one  base  to 
twenty-four  perpendicular.  The  former  limit  having  been 
adopted,  for  the  reasons  already  assigned,  to  secure  the  joints 
from  the  effects  of  weather;  and  the  latter  because  a  wall 
having  a  face  more  nearly  vertical  is  liable  in  time  to  yield 
to  the  effects  of  the  pressure,  and  lean  forward. 

418.  The  most  advantageous  form  of  croaa  sectinn  for 
eoon  nny  of  masonry  is  the  one  (Fig.  68)  termed  a  laafdji^ 
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retaining  wall.  The  counter  slope,  or  reversed  batter  of  tlie 
ba<:k  of  the  wall,  phonld  not  be  lesa  than  six  perpendicular  to 
one  base.  In  this  case  strength  requires  that  the  perpendi- 
cular let  fall  from  the  centre  of  gravity  of  the  section  upon 
:ho  base,  should  fall  so  far  within  tlie  inner  edge  of  tlie  base, 
that  the  stone  of  the  bottom  course  of  the  foundation  may 
present  Buflicient  surface  to  bear  the  pressure  upon  it. 

419.  Walls  with  a  curved  batter  (Fig.  09)  buth  ni^.n  the 
fecc  and  back,  have  been  used  in  England,  by  some  engincf  rs, 
for  quays.    They  present  no  peculiar  advantages  in  strengtji 
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over  walls  T\-ith  plane  faces  and  Ijacke.,  and  require  particular 
caiv  ill  arranj^iitg  the  bond,  and  6ttiug  the  8toii(»  or  bricki 
of  the  face. 
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480.  Measures  fbr  Inoreasing  the  Strength  of  Retain- 
ing Walls.  Thcfio  coiisiet  iu  dio  addition  of  counterfort*, 
in  the  \isc  of  relieving  arches,  and  in  the  niodca  of  funning 
the  emiiankment. 

481.  C'otinterforta  give  additional  strength  to  a  retaining 
wall  in  several  ways.  By  dividing  the  whole  lino  of  Iho  wall 
into  shorter  lengths  between  eaeh  [»ir  of  eounlerfort^,  they 
prevent  the  horizontal  conrBee  of  tlie  wall  from  yielding  to  the 
prewure  of  the  earth,  and  bulgring  outward  between  the  ex- 
tremities of  the  walls  ;  hy  ret*iving  the  prcftsurn  nf  the  earth 
on  the  Imek  of  tlte  counterfort,  instead  of  on  the  correi^jHind- 
ing  iwrtion  of  the  hack  of  tlie  wall,  its  effect  in  pnKlucing 
rotation  about  the  exterinr  fmit  nf  the  wall  is  diriiiniplied;  the 
BJdefl  f)f  tho  cf»nnterforla  acting  as  aimimentft  to  the  mass  nf 
»arth  between  them  may,  in  the  case  of  sand,  or  like  »oil, 
■■aiise  the  portion  of  the  wall  between  tlio  counterforts  to  Ire 
relieved  from  a  part  of  tlie  proMuro  of  tlie  earth  behind  it, 
OMring  to  the  manner  in  which  the  ])artie)eB  of  Band  become 
buttreseed  against  each  olher  when  i-ontlncd  laterally,  and 
offer  a  resiBlauco  to  preseui-e. 

482.  The  horizontal  section  of  counterforts  may  l>e  cither 
rectangular  or  trapezoidal.  Wlien  placed  agjtinsl  the  back  of 
a  wall,  tlie  rectangular  fonn  offeit*  the  greater  stability  in  tlie 
case  of  rotation,  and  is  more  econonucal  in  ooustructiou;  tha 
mpezoidal  form  gives  a  broader  and  therefore  a  tinner  cx>u> 
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nettion  between  the  wall  and  couDterfort  than  the  reel  Angular, 
a  point  of  some  consideration  where,  fn>m  the  character  o( 
the  materials,  theatrongth  of  this  connection  must  mainlv  de- 
pend njion  the  strength  of  the  mortar  need  for  the  masonry. 
483.  Connterforts  have  been  chiefly  used  by  military  engi- 
neers for  the  retaining  walls  of  fortilications,  termed  revete- 
menu.  In  reflating  their  form  and  dimensions,  tlie  practice 
of  Vanban  has  generally  been  followed,  which  is  to  make  the 
horizontal  icction  of  the  connterfort  trapezoidal,  making  the 
heiglit  of  the  trapezoid  ^(Fig.  70),  which  corresponda  to  the 


ric*  TO— Bapnanta  a  rwUob  k  aad  pUn  D  of  k  wtU, 
»l«Tailaa  B,  ud  ptaB  B  of  k  fcmpfoMjJ  oottittorfar*. 


Inujth  of  tho  connterfort,  two-tentha  of  the  height  of  th* 
wofi  added  to  two  faet,  the  base  of  the  trapezoid  ab  corre- 
Bponding  to  Uie  junction  of  the  connterfort  and  back  of  the 
wall,  one-ten^  of  tha  hM^ht  added  to  ttoofeety  and  the  side 
<d  which  ci^rreeponds  to  the  back  of  the  oounterfurt  eonal  to 
two-thirds  of  the  base  ab.  The  counterforta  are  placed  from 
16  to  18  feet  from  centre  to  centre  along  the  back  of  the 
wall,  according  to  the  strength  required. 

484.  In  adding  c^iunferforta  to  walls,  the  practice  haa  ge- 
nerally been  to  regard  themonlyas  givinK additional stabihty 
to  the  walL  and  not  as  a  means  of  diiuimshing  its  volume  of 
masonry  or  which  the  addition  of  the  counterforts  ought  tc 
admit. 

485.  Relieving  Arches  are  so  termed  from  their  preventing 
I  portion  of  the  embankment  from  noting  against  the  back 
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of  Uie  wall,  and  tbiin  lelioving  it  from  a  part  of  the  presetira 
'i'hey  coiisifit  (Fig.  71)  of  ooe  or  more  tiers  of  brick  aruhei 
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built  npor.  ooanterforts,  which  act  as  the  piers  of  the  arches. 
In  arniTigiiig  a  coiiibiiiHtion  uf  relieving  arches  aiid  tlicir 
piers,  tlie  latter,  like  oniiiiary  c<>uiiU:rf(irts,  are  ])laced  al}out 
1^  feet  a[jart  between  their  centre  liiia^  ;  their  length  should 
be  so  n^fulated  that  the  earth  bcUiiui  them  resting  on  the 
arches,  and  falling  under  them  with  the  natural  slope,  shall 
not  reach  the  wall  between  the  arch  and  the  foot  of  the  back 
of  the  wall  below  the  arch.  The  tlucknees  of  the  arches,  as 
well  as  that  of  the  connterforta,  will  depend  npon  tlie  weight 
which  the  arches  sastain.  The  dimensions  of  the  wall  ^vill 
be  regulated  by  the  decreased  pressure  against  it  caused  by 
the  action  of  tne  arches,  and  tlie  point  at  which  this  pressure 
acts. 

486.  Wheaover  it  becomes  neccp&arv  to  form  the  erahauk- 
nient  before  tJ»o  mortar  of  tlie  retaining  wall  has  had  time  to 
fet  firmly,  the  portion  oE  the  embankment  next  to  the  wall 
may  be  of  a  compact  binding  earth  placed  in  layers  inclining 
downward  from  the  back  oi  the  wall,  and  well  rammed  ;  or 
of  a  stiff  nmrtar  nimlo  either  of  <-1hv,  or  Hand,  with  abuiit  j'lfth 
in  bulk  of  lime.  Instead  of  bringing  the  embankment  di- 
rectly against  the  back  of  the  wall,  dry  stone,  or  fascines  may 
be  laid  in  to  a  suitable  depth  back  frtjm  the  wall  for  the  same 
purpose.  The  precauiiok,  Aowever,  of  a//&ioinp  the  mortar 
to  setjirtniy  furore  forming  (he  emb<tnIrment,shouUl  never  be 
mnilt-ed'  eaxept  in  eaaen  of  tSEtrems  urqcnai^  and  then  the 
bond  of  the  inasfjnry  should  be  arranged  wi'th  i>eculiftr  care, 
to  prevent  disjunction  along  any  of  the  horizoutal  joints. 

487.  Walts  built  to  sustain  a  pressure  \\i  water  !>hoiild  be 
regulated  in  form  and  dimensions  like  the  retaining  walU  of 
embankments.  The  buoyant  effort  of  the  water  must  be 
taken  into  account  in  detem-iuiug  the  dimensions  of  th« 
wall,  wheneTer  the  masomy  is  so  placed  as  to  be  parttaDj 
Immersed  la  the  water. 
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488L  Heavy  whIIb.  and  even  thoec  of  ordtnanr  dimeiisionB, 
when  exposed  to  moisture, should  be  laid  in  hTdiHiilic  mortar. 
Grout  has  l>eon  tried  in  laying  heavy  rnbble  walla,  but  wilh 
decided  want  of  success,  the  Eucucssive  dreachingH  of  tha 
stone  causing  the  saud  to  separate  from  the  lime,  Icaviiig 
when  dry  a  weak  porous  moi-tar.  Wlien  the  stone  is  laid  in 
full  mortar,  grout  may  be  used  with  advantage  over  each 
course,  to  till  any  voids  left  in  tlie  mass. 

488.  Bcton  has  fn.>4^neiitly  been  nsed  as  a  filling  between 
the  back  and  facing  ot  -water-tight  walls ;  it  pre&cnt«  no  ad- 
Tantage  over  walls  of  cut.  or  rubble  stone  laid  in  hydraulic 
mortar,  and  causes  nnequul  settling  iu  the  parts,  unless  great 
care  is  takf>n  In  the  construction. 

400.  When  a  weight,  arising  from  a  maee  of  masonry  or 
earth,  rests  npou  two  or  more  iiM>latcd  supporta,  that  portion 
of  it  which  is  di&tributed  over  the  sj^'acc,  or  hearing  between 
any  two  of  the  6upp*»rts,  may  be  bonie  by  a  block  of  stone, 
termed  a  liiitel^  laid  horizontally  upon  the  supports,  by  a 
combination  of  blocks  Xanw^iX  Vtptat^bande^  so  arranged  as  to 
resist,  without  disjunction,  the  pj-easure  up<»i  them ;  or  by  au 
arch. 

48L  UAteL  Owing  to  tlte  slight  resiittnoe  of  stone  to  a 
Gross  strain,  and  to  shocks,  lintels  of  ordinary  duucnsions 
f:annot  be  nted  alunc  with  safety,  for  Ijearings  over  live  or 
six  feet  For  wider  beariiigft,  a  slight  brick  arch  is  thrcmn 
acroBB  the  bearing  abuvo  the  lintel,  aiid  thus  relio-es  it  from 
the  preasnre  of  the  part»  abo\'o. 

492.  Plate-bande.  The  plate-hande  is  a  combination  of 
blocks  cut  in  the  form  of  truncated  wedges.  l''rora  the  form 
of  the  blmtks.  the  pressure  thmwn  up<)n  them  tmuecs  a  lateral 
pressure  whii-h  niiifit  be  sustAiucd  either  by  the  8Up^>orts,or 
by  some  other  arrangement  (Fig.  72). 
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The  plate-bande  should  b©  used  only  for  narrow  bearings, 
«  the  Qpper  edges  of  Che  blocks  at  the  acute  angles  are  liiible 
to  splinter  from  tlie  prc-ssurc.  If  the  bearing  exueods  IC 
feet,  the  plate-baude  sliould  be  relieved  from  the  pressure 
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by  a  brick  arch  above  it.  Additional  means  of  Btren^enirift 
the  platc-baiidc  nrc  Bometimes  used  Ijv  fnrmiiiga  bmken  joiiii 
betwGuii  the  blwks,  or  hy  a  pnijectlon  made  on  tbe  face  oi 
one  block  to  fir,  into  a  corresiMmdiiig  indent  in  the  adjacenl 
ona.  or  by  eonnecling  the  blocks  with  iron  bolts. 

AVlieu,  from  any  canae,  the  Bnpports  cannot  be  made  Buffi- 
ciently  strong  to  resist  tbe  lateral  preeeare  of  tlie  plale-bande, 
the  extreme  blocks  luiwt  be  united  by  an  iron  liar,  termed  a 
tie,  suitably  armn^l  to  keep  tbe  blocks  from  vielding. 

483.  Arches.  The  arch  is  acoinbinatitmo^wed|fe4liaped 
blo<!k8,  termed  arch  ttonfm^w  vtfiuttxnrg,  truiit-Aten  towards 
the  angle  of  the  wedgea  by  a  ciined  Bui-fat-*  which  is  usually 
nonnaf  to  the  surfaces  of  the  joint*  between  the  blocks. 
This  inferior  surface  of  tlie  arch  is  termed  the  sfi^t.  The 
upper  or  t)uter  surface  of  the  arch  is  tenned  the  bad 
(Fig-  73). 
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494.  The  extreme  blocks  of  the  arch  rest  against  lateral 
tnpports,  termed  abutmenf^y  which  suBtain  Iwth  the  venieal 
pressure  arising  from  the  weight  of  rho  arch  etoncs,  and  the 
weight  of  whatever  lies  upon  them  ;  also  the  lateral  preasnre 
can&^  bv  the  action  of  the  arch. 

495.  In  a  mnge^  or  aeries  of  arche«  placed  side  by  Bido, 
the  extreme  supports  are  termed  the  abutments,  fhp  interme- 
diate fluppt»rt6  which  Bustain  the  intermediate  arches  and  the 
halves  of  the  two  extreme  ones  are  termed ^fVr.*.  Wlien  tlie 
sixe  of  tlie  arches  is  the  same,  and  their  spriugin;;  lines  are 
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in  the  Bamu  horirontal  plane,  the  piyre  receive  no  other  pre* 
8ure  but  that  arising  fnuii  tlie  weight  (if  iho  anOiwe. 

496.  Ardiea  ai-e  clarified,  from  the  form  of  the  soffit,  into 
et/liiulrkal,  conicaly  corwidaly  toarped,  annitlar,  groined,  chU- 
teredf  and  domes.  Thejr  are  alfto  tenaed  rwht^  obliqit«^  or 
eukmc,  and  ramjyant.  fmm  their  direction  witii  tx>«|>6ut  tu  a 
rertical,  or  horizontal  plane. 

487.  Cylindrical, groiuedaiidcloiateredarehrsjircforincd  by 
the  interacetiong  t.f  two  or  more  cviiudrit^al  arches.  The 
Kpan  of  the  arches  may  be  diffeix'ut,  but  the  rise  is  the  same 
in  each.  The  axes  of  the  cylinders  will  be  In  the  same  plane, 
and  they  niay  intersect  under  any  angle. 

The  groined  arch  {Fig.  74)  is  formed  by  remoring  thoH 
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portions  of  each  cylinder  which  lie  under  the  otlier  and  be 
twecn  their  common  enrvea  of  intersection;  thus  forming  n 
projectinf;,  or  salient  edj:^  on  the  sotfit  along  these  ctirvea. 

'riic  cloistered  arch  (Hg.  75)  is  formed  bv  removing  those 
jKirtinns  of  each  cyliii'lfr  whitrh  are  almre  tiie  other  and  ex- 
terior to  their  conniion  intersection,  forming  thna  re-entering 
angles  along  the  same  lines. 

488.  The  planes  of  the  joints  in  both  of  these  arches  are 
placed  in  the  same  manner  as  i«  the  simple  cylindrical  arch. 
The  inner  edgcfi  of  the  eorresponding  course  nf  vouwoirs  in 
each  nrcli  are  placed  in  the  same  plane  parallel  to  that  of  the 
axes  of  the  cylinders.  The  poi-tuma  of  the  «)ffit  in  each  cyl- 
inder, corresponding  to  each  conree  of  ^'onssoirs,  which  form 
cither  the  groin  in  the  one  case,  or  the  re-entering  angle  in 
the  other,  are  cut  from  a  single  stone,  to  presen*.  no  joint 
along  the  common  intersection  of  the  arcltes,  and  to  giTfl 
them  a  firmer  bond 
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48d.  When  tlic  Bpvis  at  the  two  ends  of  ftii  arch  aro  im- 
eqnal,  l>ut  Uic  rise  ia  tho  Baine,  then  the  soffit  of  the  nrch  h 
made  of  a  conoidftl  surface.  The  cnrvos  of  rifrht  ncction  &t 
tho  two  ends  nmv  he  of  any  fignpe,  hut  are  usually  taken 
from  fwiine  variety  of  the  elliptical,  or  oval  oiirvea.  Tlie 
soffll;  is  formed  by  moving  a  line  u^ion  the  two  cnrvea,  and 
parallel  to  H)<?  plane  containing  their  epans 

The  f^jnoidtil  arch  belongs  to  tho  clasB  with  warned  soffits. 
A  variety  of  warped  surfaces  nmy  be  used  for  soUita  accord- 
ing to  tirrunistanoes ;  the  joints  and  llio  bond  depending  ou 
ibe  (^nerntiou  of  tho  fturface. 

500.  In  arran^nc  tho  joints  in  conoidal  archee,  the  heading 
joiuts  are  ct^titainua  in  planes  perpendicular  to  the  axis  of 
the  arcli.  The  coni-sing  jointa  ai-e  alwi  fonned  of  plane  Hiir- 
facee,  ro  arranged  that  tJie  jjortion  of  the  joint  con-eepoiuling 
to  each  block  is  formed  by  a  plane  nonnal  to  the  cunoid  at 
tlie  middle  ixjint  of  the  lower  edj;e  <»f  the  blnek.  In  this  way 
the  jointw  ojf  the  string  courpe  will  not  he  formed  of  c<>ntin- 
uone  eiiifaces.  To  make  them  so,  it  would  be  necessary  to 
Ifive  tliem  tlio  form  of  wai-ped  Burfoces,  winch  present  moro 
difficulty  in  their  niechanical  execution,  and  notsufllcient  ad* 
vantages  over  the  method  just  explained  to  compensate  iot 
having  them  continuous. 

501.  The  annular  arch  is  formed  by  revolving  tlie  plane  of 
a  semi-circle,  or  Bemi-oval,  or  otlier  carve,  about  a  line  drawn 
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without  tlie  figure  aud  prallel  to  the  rise  of  the  arcli  iFig. 
76).  One  Bene*  of  jouita  in  tliis  arch  will  be  formed  b.v 
conical  surfaces  paswDg  through  the  inner  edgee  of  the 
stonea  which  correspond  to  tlie  etriag  couracs  ;  and  the  other 
Bcries  will  he  planes  passed  through  the  axis  about  which  the 
eenii-cirule  is  revolved.  This  last  series  sliould  break  joints 
Tith  each  other. 
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502,  The  soffit  of  a  dome  is  usually  formed  by  revolving 
the  quadrant  of  one  of  the  usual  curves  of  cylindrical  aix-hea 
around  fho  rise  of  the  curve  ;  or  clee  by  revolving  tlie  Bcnii- 
curve  ationt  the  Hue  of  the  epan,  and  taking  the  lialf  of  the 
surface  thus  generated  for  the  soflit  of  the  dome.  In  the 
first  of  these  easei  the  liorizontal  section  of  the  dome  at  the 
sprinffing  lino  will  bo  a  t-ircio;  in  iho  second  the  entire  curve 
of  the  semi-curve  by  whicli  the  soffit  is  generated.  The  plan 
of  domes  may  also  be  of  regular  polvponal  figures,  in  which 
case  the  soffit  will  be  a  ptilytpMrnl-cluiptered  arch  formed  of 
equal  sectionR  of  <ivlindera  (tig-  '^'O-  '^^  joints  and  the 
bond  are  determined  in  the  same  manner  as  in  other  arches. 

503.  The  Toussoirs  which  form  the  ring  course  of  the 
heads,  iu  ordinary  cylindrical  arches,  are  usirally  terminated 
by  plane  surfaces  at  top  and  on  the  sides,  for  the  pnnKwe  of 
eoniieetiug  them  with  the  horizontal  courses  of  ^  head  which 
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lie  above  and  on  each  side  of  the  srcb  (Fic«.  78  and  70). 
This  connection  may  be  arranged  in  a  Tsriety  or  ways.  The  twc 
point*  to  be  kept  in  view  are,  to  form  a  good  bond  between 
the  vouHfloifB  and  lioriEontal  conrsee,  and  to  give  a  pleaung 
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architectnral  effect  hy  the  arrangement,  Thi«  connectiun 
ebould  always  give  a  synnnetrical  appearance  to  the  halves  of 
the  etractnre  on  each*  eide  of  the  crown.  To  effect  the«e 
•everal  objects  it  may  be  ncccsBary,  in  cases  of  ovbI  arches,  to 
make  the  breadth  of  the  vonssoirs  unequal,  dinuDishing 
usnally  th<«e  near  the  springing  lines. 

OOi  In  email  arches  the  voussoire  near  the  springing  line 
are  so  cnt  as  to  fonn  a  part  also  of  the  hnrizontal  course  (see 
Fig.  78),  fonning  what  is  termed  an  elfrtrw  Joint.  Thi*  plan 
is  objectionable,  both  because  there  is  a  waste  of  material  in 
fonniiig  a  joint  of  t!iia  kmd,  and  the  stone  is  liable  to  crack 
when  tne  arch  settles. 

005.  The  forma  and  dimensions  of  the  Tonssoirs  should  be 
detenniiied    both  by  geometrical  drawings  and    numerical 
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cnletilatioii,  whenever  the  amh  is  iraporUnt,  or  ppesenti  any 
ct^inij^lication  of  fo]in.  The  drawings  should,  in  the  first  pjace, 
be  made  to  a  scale  sufficiently  large  to  determine  the  )>arti 
with  accuracy,  and  from  tliese,  pattern  drawings  giving  tlie 

fftrts  in  their  true  size  may  l)e  made  fnr  the  nse  of  the  niasdji. 
o  make  the  pattern  drawings,  the  side  of  a  vertical  wall,  or 
a  firm  horizontal  area  may  be  prepared,  with  a  tbin  coating 
of  mortar,  to  receive  a  thin  Bmtioth  coat  of  plaster  of  Farts. 
The  drawing  may  be  made  on  this  surface  in  the  nanal  man- 
ner, by  describing  the  curve  either  by  points  from  its  calcu* 
lated  abecisJrasaiid  ordinateB,or,  where  it  is  formed  of  circular 
arci,  by  using  the  ordinary  instJumeDt  for  describing  such 
arcs  when  the  centres  fall  within  the  limits  of  the  prepared 
surface.  In  ovals  the  positions  of  the  extreme  radii  sliauld  be 
accurately  drawn  either  from  calculation,  or  const niction. 
To  construct  the  intermediate  normals,  whenever  the  centres 
of  the  arcs  do  not  fall  on  the  Burfaco,  an  arc  witli  a  chord  of 
about  one  foot  may  be  set  off  on  each  side  of  the  point 
through  which  the  normal  is  to  be  drawn,  and  the  chord  of 
tlie  wnole  arc,  tJiua  set  off,  be  bisected  by  a  perpendicular. 
This  conetniction  will  generally  give  a  sufTicientty  accurate 
practic-ol  result  for  elliptical  and  other  curves  of  a  large  size. 

506.  The  iiiasoury  of  arches  may  be  of  dressed  stone, 
rubble,  or  brick. 

In  wide  spans,  particularly  for  oval  and  other  6at  arches, 
cut  stone  slmuld  alone  be  u&ed,  Tlie  joints  sliould  bedreeeed 
with  extreme  accuracy.  As  the  vougt^oire  liave  to  be  sop- 
ported  by  a  fj-amiug  of  timber,  teriued  a  caUre^  until  the 
ai'ch  ie  comjilcted,  and  aa  tliis  structure  is  liable  to  yield,  both 
from  the  elasticity  of  the  materials  and  the  number  of  jointa 
in  the  frame,  an  allowance  for  the  settling  in  the  aich,  arisine 
fi-om  thcMJ  cauHCfi,  is  ayjiietimee  made,  in  cutting  tliu  joiuta  oi 
the  vousBoirsj'hZsc,  that  is,  not  fl<!Cording  to  the  true  iKisition 
of  the  normal,  but  from  the  supposed  position  the  jomts  will 
take  when  the  arch  has  settlea  thomughly.  The  object  of 
this  is  to  bring  the  surfaces  of  the  juints  into  perfect  contact 
when  the  arch  has  asaumed  its  pennanent  state  of  equilibrium, 
and  thus  prevent  the  voiuwoirs  from  breaking  by  unci]ual 
preeanres  on  their  coursing  jointa.  TImh  is  a  problem  of  c<>n- 
sidcfable  difficulty,  and  it  will  generally  be  better  to  cut  the 
jointti  true,  and  guard  against  settling  and  its  effects  by  giving 
^al  stiffness  to  the  centres,  and  oy  placing  between  the 
joiiitfiof  those  voiihfioirs,  whore  the  priiicijinl  movement  takes 
place  in  arches,  sheets  of  lead  suitably  hammered  to  fit  th« 
joiut  and  yield  to  any  preeeure. 
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607.  The  maTinor  of  layin|*the  TOoflBoira  demands  pecnliii 
care,  particularly  iu  those  whiuh  furm  the  heads  of  tlie  arcU 
Tim  rioftitions  of  tho  inner  edi^ee  (if  the  vouseoirs  are  deter- 
mined by  fixed  linos,  marked  on  the  abutments,  or  eoine 
other  immovable  object,,  and  the  calculated  distances  of  the 
edges  from  thesB  lines.  TheRe  dietancee  ean  bo  readily  set 
off  bv  means  of  the  level  and  plumb-line.  The  angle  of  each 
joiut  can  be  ^ed  by  a  quadrant  of  a  circle,  counectcd  with  a 
plnmb-lino,  on  which  the  position  of  each  joint  ia  marked. 

506.  Brick  may  be  used  alone,  or  in  combination  with  cut 
atone,  for  arches  of  considerable  size.  When  the  thickness  of 
a  brick  arch  exoeedn  a  brick  and  a  lialf,  the  bond  fmtn  tho 
aoffit  outward  presents  some  difficulties.  If  the  bricks  are 
laid  in  concentric  layers,  or  a/teUtf  a  continuous  joint  will  be 
formed  parallel  to  the  surface  of  the  soffit,  whicii  wiU  prol>a- 
bjy  yiela  when  tlie  arch  settles,  causing  the  shells  to  separate 
(Fig.  80).     If  the  bricks  are  laid  like  ordinary  string  courses, 
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forming  continuous  joints  from  the  soffit  outward,  tliese  joints, 
from  the  form  of  tlie  bricks,  will  be  very  ojwn  at  tho  back, 
and,  from  the  yielding  of  the  mortar,  ihe  arch  will  l>e  liable 
to  injury  in  settling  fifun  this  cause.  T*i  obviate  both  of  these 
defects,  tlie  ar(;h  may  be  built  (iftrtly  by  the  first  jiIhh  amd 
partly  by  the  seccmd,  or  as  it  is  termed  in  shells  and  blocks. 
The  crown,  or  key  of  the  arch  should  be  laid  in  a  block,*  in- 
creasing the  breadth  of  the  block  by  two  bricks  for  each 
course  from  the  soffit  outward.  These  bricks  should  bo  laid 
in  hydraulic  cement,  and  be  well  wedged  with  pieces  of  tliia 
hard  slate  between  the  joints. 

509.  When  a  ximbination  '>f  brick  and  cut  stone  Is  used,  the 
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Hag  oonreos  of  the  heads,  witli  aome  intennediate  ring  couraes, 
tbe  uottom  string  oourecss,  tlie  kevstouo  cituree,  and  a  few  iu- 
temiediatd  string  couraeei  are  made  of  cut  stone  (Fig.  SI),  tbe 
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intermediate  spaces  being  filled  in  witii  brick.  The  brick 
portions  of  the  soffit  may,  if  necessary,  be  thrown  within  the 
stone  portions,  forming  plain  caUsona. 

510.  Tbe  centres  of  lart^e  arches  sbuuUl  not  be  strack  until 
the  whole  of  llie  mortar  has  sot  firmly.  After  the  ixintres 
arc  Btnick.  the  arch  is  allowed  to  aflsnmo  its  permanent  state 
of  equilibrium,  before  any  of  tlie  superstructure  is  laid. 

511  AVhen  tlie  heads  uj  tlio  arch  loitn  a  part  of  an  exterior 
surface,  as  the  faces  <"f  a  wall,  or  the  outer  portions  of  a 
brid^  tho  voussoirs  of  the  head  ring  tM>uraea  are  connected 
with  the  horizontal  courses,  as  has  been  explained  ;  the  top 
Burfaue  of  tho  vousaoiis  of  tlie  intermediate  ring  eonracs  are 
usually  left  iu  a  roughly  dressed  state  to  receive  the  eonreee 
of  roaiw>in*y  termed  the  oippimj  (see  Fig.  81),  which  rests 
up-iti  the  arch  between  the  walls  of  tbe  liead.  Before  laying 
tho  oapjiiug,  tho  joints  of  the  viiiiw«"iii*8  on  tho  hack  of  the 
arch  should  be  carefully  examined,  and,  wherever  they  are 
found  to  be  o[>en  from  tlie  settling  of  tho  arch,  thoy  should 
be  filled  np  with  Boft-temj>ercd  mortar,  and  by  driving  in 
pieces  of  hard  Rlate.  Tho  capping  may  be  variously  funned 
of  rubble,  brick,  or  beton.  where  the  arches  are  exposed  to 
tho  filtration  tff  rain  water,  at;  in  tho^c  used  for  brtngc»>  and 
the  casemates  of  fortification*,  the  (tapping  should  be  ot  beton 
laid  in  layers,  and  well  rammed,  with  thr  usual  pi-ecautiont 
fur  obtaining  a  solid  homogeneous  mass. 

612.  The  difliruUy  uf  funning  water-liglit  cappings  i>i 
masonry  has  led  engineers,  within  a  few  years  back,  to  try  a 
coating  of  aaphalte  upon  the  surface  of  l>6ton.    The  surface 
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of  tho  beton  capping  'm  made  niiifom)  and  Hmooth  by  the 
trove],  or  fioat,  and  tlie  matte  is  allon'ed  to  become  thoroughly 
dry  before  the  asuhalte  is  laid.  Aspbalte  is  ustially  laid  on  iu 
two  layere.  l^elore  appl,V'"g  the  firsL  the  fiurtace  of  the 
beton  Bhf>nld  be  thoroDghly  cleaiided  of  duet,  and  receive  a 
oooting  of  mineral  tar  applied  hot  vrith  a  awab.  This  appli- 
cation  of  hot  mineml  lar  is  said  to  prevent  the  formation  of 
air  bubblea  in  the  layers  of  aephalte  which,  when  present, 
pemiil  the  water  to  percolate  through  the  masonry.  The  first 
tavcr  of  asphalte  h  laid  on  in  squares,  or  thin  blot^kn,  care 
being  taken  lu  form  a  perfect  union  between  the  edgcfl  of 
the  iK|uares  by  pouring  the  Jiot  liquid  along  thera  in  forming 
each  new  one.  The  surface  of  the  lii-et  lajer  is  made  uui- 
fonn,  and  nibbed  until  it  becomes  smoutli  and  hard  wirli  an 
ordinary  wof>den  float  In  laving  the  second  layer,  the  same 
precautions  are  taken  as  for  the  first,  the  sqnares  breaking 
joints  with  thtiseof  the  first  Fine  sand  is  strewed  over  the 
surface  of  the  top  layer,  and  pressed  into  the  aspbalte  before 
It  becomes  hard. 

Covering  of  asphalte  have  been  used  both  in  Europe  and 
in  our  mihtary  structures  for  some  years  back  with  decided 
inccess.  Tliere  have  been  failures,  in  some  instances,  aiising 
in  ail  probability  either  from  using  a  bad  material,  or  from 
some  fault  of  workmansliip. 

613.  In  a  range  of  arches,  like  those  of  bridges,  or  case- 
mates, the  capping  of  each  arch  is  shaped  with  two  inclined 
surfaces,  like  a  common  roof.  The  bottoms  of  these  surfaces, 
by  their  junction,  form  gutters  where  tho  water  collects,  ana 
from  which  it  is  conveyed  off  hi  oonduits.  formed  either  of 
iron  pipes,  or  of  vertical  openings  made  tJirough  tiic  masonry 
of  tho  piers  which  comnumicate  with  horiaiutal  covoroa 
drains.  A  small  arch  of  sufficient  width  to  admit  a  man  to 
examine  its  interior,  or  a  square  culvert,  ia  formed  over  the 
gutter.  'When  tho  spaces  between  the  head  walls  alwvc  (he 
capphig  is  filled  in  with  earth,  a  serins  of  drains  running 
from  the  top,  or  riflga  of  the  capping,  and  leading  hito  the 
main  gutter  drain,  should  be  fonned  of  bri<'k.  Tlicy  may  be 
best  made  by  using  drv  brick  laid  flat,  and  witli  intenale  left 
for  the  drains,  these  iJeiug  covered  by  other  courses  of  dry 
brick  with  tiie  joints  in  some  degreoopen.  The  earth  is  filled 
in  upon  the  upper  course  of  bricks,  wliicli  should  bo  so  laid 
as  to  form  a  uniform  surface. 

514.  From  olfservatious  taken  on  the  manner  in  which 
large  cylindrical  arches  settle,  and  experimeuta  made  on  a 
small  scale,  it  appears  that  iu  all  cases  of  arelios  where  the 


JLBCmS. 


357 


rfsc  13  equal  to  or  less  than  Oie  balf  span  thev  yield  (Fig.  82) 
by  the  cmwTi  of  the  arch  falling  inward,  an^  tlirueting  out- 
ward the  lower  portiuns,  presenting  five  joints  of  nn)lure, 
one  at  the  keystone,  one  on  each  aide  of  it  which  limit  the 
portions  that' fall  inward,  and  one  on  each  side  near  the 
springing  lines  which  limit  the  parts  thrust  ontward.     In 
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pohited  anilies,  or  thiTse  in  which  the  rise  is  greater  than  the 
naif  span,  the  tendency  to  yielding  is,  in  some  cases,  differ- 
ent ;  here  the  lower  parts  may  fall  inward  (Fig.  Sa),  and 
thrust  npwar^  and  ontward  the  parts  near  the  erown. 
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The  angle  which  a  line  drawn  from  the  centre  of  the  arch 
to  the  joint  of  rupture  makes  with  a  vertical  line  is  called 
the  angle  of-ntpture.  This  term  is  also  used  when  the  arch 
is  stable,  or  wlien  there  is  no  joint  of  rupture,  iu  which  case 
it  refers  to  that  point  aliont  which  there  is  tlie  greatt^f't  ten- 
dency to  nutate.  It  may  also  be  defined  a»  including  that 
portion  of  the  arch  near  the  crown  which  will  cause  the 
greatest  ihrutt  or  horizontal  pressure  at  the  crown.  This 
iknut  tends  to  crush  the  irrtujusoirfi  at  the  crown,  and  a1»i>  to 
overturn  the  abntments  about  some  outer  joint  The  thrust 
i»  rarely  suflicient  to  crush  ordinary  stone.  The  most  a>m- 
inon  mode  of  faiUire  is  by  rupturing,  or  turning  about  a  joint 
In  very  thick  arches  rupture  may  take  place  from  slij>ping 
OD  the  joints. 

615.  The  inints  of  rupture  below  tlie  keystone  vary  in 
arches  of  difTerent  thicknesses  and  fonna,  an^  in  the  same 
arch  with  the  weight  it  suBtaina. 

518.  The  pr<>bleni  for  finding  tlie  joints  of  rupture  by  cal 
cnlalinn,  ana  the  consequent  thickness  of  the  abntinenta  ne- 
oeisary  to  pre«er^'e  the  arch  from  yielding,  has  been  solved 
17 
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by  a  Tiumbor  of  writers  on  t)io  tlioory  of  the  eqiiUibriimi  ol 
archcH,  aiid  tatiles  for  effecting  thu  nuceefeary  imiucrical  cal 
culationB  nave  been  drawn  np  from  their  i-eeulta  to  abndge 
tiie  labor  iu  each  case. 

5n.  Ill  cluiHtvred  aruhes  iho  abutinonts  may  bo  le^s  llisu 
ill  an  ordinary  cylindrical  arch  of  the  same  leiicth ;  and  in 
griiined  arches,  in  calculating  the  resistance  oBcrcd  by  tlie 
abiitmeiita,  the  counter  rc^islance  offered  by  the  weight  uf 
one  jMirtinu  in  rcBistiiig  the  thniBt  of  the  other,  must  be  taken 
into  consideration. 

518.  When  abntraonte,  as  in  the  case  of  edifices,  require  tc 
be  of  coneiderable  height,  and  therefore  would  demand  ox- 
traordiiiai-}'  tliickiiesA,  if  used  alone  to  sustain  the  thrvist  of 
the  ardi,  they  may  bo  strengthened  by  the  addition  to  their 
weight  made  in  carrying  llicm  up  above  the  imposts  like  the 
hatitements  and  pinnacUs  in  Gothic  a)*cbitectDre  ;  hy  adding 
to  them  oi-dinary,  full,  or  arched  buttresses,  termed  Jlyijig 
huitrestt&t  ,•  or  by  nsiiig  ties  of  iron  (ronnoeling  the  Tou&8<iirB 
near  the  joints  of  rupture  l»clow  the  keystone.  Tie-rods  are 
evidently  the  safest  expedient.  The  employment  of  these 
different  expedients,  their  forms  and  dimensiune,  will  depend 
on  the  character  of  the  stntcture  and  the  kind  of  arch.  The 
iron  tie,  fur  example,  cannot  be  hidden  from  view  except  in 
the  jilatobande,  or  in  very  flat  segment  arthcs,  and  wherever 
its  appearance  would  be  unsightly  some  other  expedient  must 
bo  tried. 

Circular  rings  of  iron  have  been  used  to  strengthen  the 
abutments  of  domes,  by  confining  the  lower  coiiraeB  of  the 
dome  and  relieving  the  abutment  from  the  thrust. 

MB.  In  a  range  of  arches  of  unequal  size,  the  piers  will 
have  to  sustain  a  lateral  pressure  occasioned  by  the  unequal 
horizontal  tlirust  of  the  arches.  In  arranging  tlic  form  and 
dimensions  of  tlio  piers  this  inequality  of  thrust  must  he 
estimated  for,  taking  also  into  oonfiidoration  tlic  pdeitioii  of 
the  nniK^ts  or  the  unequal  arches. 

520.  Preoautlons  against  Settling.  One  of  the  most  dif- 
ficult and  important  problems  in  the  construction  uf  mawmry, 
is  that  of  preventing  uncqtiul  settling  in  parts  wliieh  require 
to  be  connected  but  sustain  unequal  weights,  and  die  consc- 
qiient.  ruptures  in  the  masses  arising  from  this  cause.  To 
oljviaie  tiiis  difiiculty  reqnircs  on  the  part  of  the  oiigineer  no 
small  degree  of  practical  tact.  Beveral  procautionR  must  be 
taken  to  diminitsh  »&  far  as  practicable  the  danger  frum  un- 
equal settling.  Walls  sustaining  heavy  vertical  pressures 
ihould  be  built  up  nnifonuly,  oua  with  groat  attoution  to  Uk 
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bond  and  correct  fitting  of  the  conrspR.  ThemRtP.rialsghttuld 
be  uniform  in  quality  and  size ;  hydrmilic  mortar  should 
alono  be  tisod  ;  and  tbc  permanent  weiffht  not  be  laid  on  tiio 
waH  until  the  H>««<m  after  the  inaconrj  is  laid.  Af^  a  farther 
pre(siution,  when  prac-tirable,  a  trial  weight  may  be  laid  iiiK>n 
the  wall  before  leading  it  with  the  pennanent  one. 

Where  the  heads  of  arches  arc  built  into  a  wall,  parti euhirlv 
if  they  are  designed  to  l>ear  a  heavy  permanent  weight,  aa 
Hti  embankment  of  eartli,  the  wall  should  not  lie  earned  up 
higher  than  the  Imixieta  of  the  an-lies  until  the  settling  of  tbo 
latter  ha*  reached  its  tinal  term;  and  as  there  will  be  daiiffcr 
of  disjunction  between  the  pieis  of  the  arches  and  the  wall  at 
the  head,  from  the  same  eanse,  these  should  be  carried  up  tn- 
dependeutlv,  but  so  arranged  that  their  after-nnion  may  be 
conveniently  effected.  It  would  moreover  he  always  well  lo 
6uepeud  the  building  of  the  archee  nntil  the  season  follow- 
ing that  in  which  the  piers  are  finished,  and  not  to  place  Che 
permanent  weight  upon  the  arches  until  the  aeason  loUowing 
their  completion. 

521.  Pointing.  The  mortar  in  tlie  iointa  near  the  surfaces 
of  walls  expoeed  to  the  weather  shonia  be  of  the  best  hydrau- 
lic lime,  or  cement,  and  as  this  part  uf  the  joint  always 
reguires  to  W  carefully  attended  to,  it  is  nsuaily  filled,  or  aa 
it  IS  temie<\  j)ointedy  some  time  after  the  other  work  is  finish- 
ed. The  period  at  which  pointing  should  be  done  is  a  dis- 
puted eubjcct  among  builderB,  some  preferring  to  point  while 
the  mortar  in  the  joint  is  still  fresh,  or  green^  and  others  not 
until  it  has  become  hard.  The  latter  is  the  more  nsnal  and 
belter  plan.  The  mortar  for  pointing  should  be  pour^tlmt  is, 
have  rather  an  excels  of  sand  ;  the  sand  should  be  of  a  fine 
uniform  grain,  and  but  little  water  be  used  in  tempering  the 
m<ntar.  Before  applying  the  [xjintiug,  the  joint  should  be 
well  cleansed  by  ecrajiing  and  bniphing  out  tlie  loose  mattrr. 
and  then  be  well  moistened.  The  mortar  ia  applied  with  a 
euitable  tool  for  pressing  it  into  thejoint,  and  its  surface  is 
rubbed  smootli  with  an  iron  tool.  The  practice  among  our 
military  engineers  is  to  use  the  ordinary  tools  fur  calking  in 
applying  jwinting;  to  calk  the  joint  with  the  mortar  in  the 
usual  way,  and  to  rub  tlie  surface  of  llic  pointing  until  it  1ms 
oomes  hard.  To  obtain  pointing  that  will  withswud  tha 
mcissitudi*  of  our  climate  ♦»  not  the  latut  of  the  dijjicultie^ 
of  the  hnildrr's  art.  The  contraction  and  expansion  of  Uie 
stone  either  causes  tJie  pointing  to  crack,  or  else  to  separate 
fr^ra  the  stone,  and  the  surface  water  penetrating  into  the 
tracks  thus  made,  when  acted  upon  by  frost,  throws  out  the 
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pcnnting,  8oTno  have  tried  tj  meet  tJiia  Jifficiilly  hy  plvins 
ijio  fltirtscK  of  thn  puintin^  fttifli  a  f>1in{)(>,  and  ao  ftrraiif^iiig  il 
with  raspect  to  the  snrfattcA  of  the  6t«>ne«  forming  the  joint, 
lh«t  tlio  wuter  nhiiil  trickle  over  the  pC'iiiting  w^itTiont  enter 
infr  tlie  rrauk,  which  i»  tifloalt^  between  tiio  bed  uf  the  stone 
nna  tlie  iMn'ntin^. 

522.  The  term  fiash  pointintf  it  sometliiiet  apiilied  to  a 
oOBtinf^  of  hydraulic  mortar  Initl  over  the  face  nr  hack  of  a 
wall,  to  i»rew:rve  eitJicr  the  mortar  joints,  or  t}«  stune  it*elf, 
from  the  actjon  nf  niointiire.  or  the  effects  of  the  atnio8]>here. 
Mortar  for  flafth  {wtintiiignhiiiihl  also  be  made  poor,  and  when 
it  is  URed  aa  a  stucco  to  protect  masonry  from  atmmpheric 
action,  it  ahoald  be  made  of  coarse  eand,  and  be  applied  in  a 
single  unlfonn  eoiit  over  the  siirfare,  whi<-h  should  be  prepared 
to  receive  the  atticeo  by  having  the  joints  thorouL'hly  cleansed 
from  dost  and  Iooih)  mortar,  and  being  well  moistened. 

No  |»otnt)iig  of  mortnr  has  been  loimd  to  withstand  the 
effects  of  weatlior  in  our  climate  on  a  long  line  of  coping. 
Within  a  few  yeara  a  [jointing  of  aaplialle  has  been  tried  on 
some  of  our  military  works,  and  has  given  thns  far  promise 
of  a  succeeefal  issue. 

523.  Sttitx'o  exposed  to  weather  is  sometimes  covered  with 
mint,  or  other  niixtiires,  to  give  it  durability.  Coal  tar  lias 
iieen  trii>d,  but  withmit  Hnc(»?HR  in  <>iir  <;limate.  M.  Raiicourl 
de  Oharlerille,  in  Iiis  work  Traits  //^w  MortifTH^  gives  the 
following  e<tmpo«ition«  for  protecting  cxpo!ied»tncct»es,  which 
he  Ktatett  \n  snceeed  well  in  all  climates.  For  important  work, 
three  ]<ttrt«  of  HiiBeod  oil  iKiilefl  with  one-eiKth  of  its  weight 
uf  litharee,  and  one  part  of  wax.  For  eommon  works,  one 
part  of  linseed  oil,  one-tenth  of  its  weight  of  litharge,  and 
two  or  rliree  parts  of  resin. 

The  surfaces  must  be  thoroughly  diT  before  applying  the 
eorii|Hj«iiinn»,  which  shniiM  be  iHid  on  hot  with  a  brush. 

024.  Repairs  of  Maaonry.  In  effecting  reimint  in  nuiPon- 
ry,  when  new  work  is  Co  be  connected  with  old,  the  mortar 
of  the  old  sliould  be  thoroughly  cleaned  off  wherever  it  is  in- 
jured along  the  surface  wnero  the  jnne.tinn  is  effe^^ted.and 
the  surface  tlioroughly  wet.  The  bond  and  otlier  arrange- 
ments will  depend  upon  the  circnnistaneoB  of  the  case;  the 
Knrfncps  connected  should  bo  fitted  a-*  accnratelv  att  practical 
bic,  Sit  that  by  utsing  but  little  mortar,  no  disninon  iniiy  take 
lilaco  from  settling. 

025.  An  expedient,  verv  fertile  in  its  applications  to  by* 
dratdie  eiitistniclions,  has  been  for  some  years  in  nw  among 
Lhe  French  engiueerft,  for  stopping  leaks  in  walh  and  renew 
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iDi;  the  beds  of  foundations  which  have  yielded,  or  have  beeu 
othiiTwise  removed  by  tho  action  of  water.  It  ci(iisi6t6  in  in- 
ieuting  hydranliu  cement  into  the  parts  to  be  filled,  through 
holes  drilled  through  the  maa(*nTy,  bv  means  of  a  strong  6^'- 
TiDi^  The  instruiTiontH  used  fi>r  this  pur|HjiKi  (Fig.  83  (i)uro 
asnally  cylinders  of  wood,  or  of  cast  ii-un  ;  the  bore  uiiifonn, 
except  at  the  end,  which  is  tcrniiuatcd  with  a  uozle  of  the 
oBnal  ooiiical  form  ;  the  piston  is  of  wood,  and  i&  driven  dowu 
by  a  heavy  mallet.  In  using  the  syringe,  it  is  adjusted  to 
die  hole ;  the  hydraulic  cemeut  iu  a  eemi-auid  stat«  poured 
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into  it;  a  wad  of  tow.  or  a  disk  of  leather  being  introduced 
on  top  before  inserting  the  pieton.  The  cement  is  forced  in 
by  repeated  blows  on  the  piston. 

626.  A  mortar  of  hydraulic  lime  and  fine  sand  has  been 
used  for  tlio  (tame  purpose  ;  the  lime  being  ground  fresh  from 
the  kiln,  and  used  before  slaking,  in  oMer  that  by  the  in- 
creafifl  of  volume  which  takes  place  from  slaking,  it  mij'ht  iiU 
more  ooiopactly  nil  intt^rlor  voids.  The  use  of  uuslakod  lime 
lias  received  several  ingenions  applications  of  this  character  ; 
its  after  expansion  may  prove  injurious  when  coniiacd.  The 
use  of  sftiid  in  mortar  for  injections  has  by  some  cu'rineera 
been  condemned,  as  from  the  Btate  of  fluidity  in  which  the 
mortar  must  be  uHed,  it  settles  to  the  bottom  of  the  syringd, 
and  tlius  prevents  the  formation  of  a  homogeneous  mass. 

527.  EI£[%cts  of  Temperature  on  Masonry.  Frost  Is  the 
most  powr^rfiil  deatui-tlvu  jij^ent  against  whieh  the  engincefr 
has  to  guard  in  conetmctions  of  masniir,-,      Dt  ring  severe 
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wiiitere  ill  ihe  northcni  i>iirtfi  of  our  country,  it  lias  been  la 
cortainc4,  by  obaervatiou,  that  the  fi-oet  will  penetrate  c-arth 
in  coLtact  with  walls  to  deptha  acoe&iing  Unfeet^  it  tltere- 
fore  becomes  a  matter  of  the  tirst  importance  to  nee  every 
practicable  meanft  to  drain  thoroiighlv  all  the  ground  in  con- 
tact with  masonry,  to  whatever  depths  the  fotuidations  may 
be  sunk  below  the  surface;  for  \i  this  precaution  be  not 
taken,  accidents  of  the  nioftt  serious  nature  may  happen  t«)  the 
foundations  from  tiie  action  of  the  frost.  If  water  cullecto  in 
any  quantity  in  tlie  eartli  around  the  fonndatiunti,  it  may  be 
Deceeearv'  tn  make  mnall  covered  dniins  under  thoin  to  eon 
vev  it  ofi,  and  to  place  a  stratum  of  loose  stone  between  the 
sides  of  the  fouudatioiie  and  the  surroiuidiug  earth  to  give  it 
a  free  dowTiward  paeaage. 

It  may  be  laid  down  as  a  maxim  In  building,  that  mortar 
which  is  exposed  to  thi  a*.iion  of  frott  before  it  hag  tit,  tciU 
he  so  mum  d<tmu(jfyi  as  t-tf  imjitir  ent^rei^y  itn  prowriies. 
This  fact  places  in  a  stronger  light  what  has  already  been  re- 
marked, on  tlie  ueceesity  of  laving  the  foundations  and  the 
itructnro  resting  on  them  in  hydraulic  mortar,  to  a  height  of 
nt  least  three  feet  above  the  gruund ;  for,  although  the  mortar 
of  the  foundations  might  be  protected  from  the  action  of  the 
fro6t  bv  the  earlli  around  theui,  the  parts  iimuediately  abovo 
would  oe  ex(«*ed  to  it,  and  as  thof%  part*  attract  the  inuis- 
ture  from  the  ground,  tlie  m<irtar,  if  or  common  lime,  would 
not  set  in  time  t<t  prevent  tlic  action  of  the  fixwts  of  winter. 

In  hea%7  walls  the  mortiir  in  the  interior  will  ububHv  be  se- 
cured from  Ihe  ai:tion  of  the  fnwt,  and  masonry  of  Una  char- 
a<:ter  mij^bt  be  carried  ou  until  fruezliiir  weather  connuenue« ; 
bnt  still  ni  all  imjiortant  works  it  wiu  bo  by  far  the  safer 
oonree  (o  suspend  the  contttniction  of  masonry  several  weeks 
before  the  ordinary  period  of  i  rost. 

During  the  heats  of  sunmier,  the  mortar  is  injured  by  a 
too  rapia  drying.  To  prevent  tins  the  stone,  or  hnek,  ahtmid 
he  thfyrtmghhj  vu>i»ten/!d  before  b«mg  laid:  and  cftenoarde, 
if  the  w&ither  is  vei-y  hot,  tfifi  masonry  shmjud  be  kept  vet  until 
ths  fTUirt4ir  ffi.veit  itulio/Utons  of  setting.  The  top  course  should 
always  be  well  moistened  by  the  workmen  on  quitting  their 
work  for  any  sliort  period  during  very  warm  weather. 

Tlie  effects  pn>duc».*d  by  a  high  or  low  temperaturoou  nmr- 
tar  in  a  green  state  are  similar.  In  the  one  case  the  freezing 
of  tlie  water  prevents  a  union  between  the  particles  of  the 
lime  and  sand ;  and  ill  the  other  the  sumo  arii^es  fiom  the 
water  being  rapidly  evaporated.  In  both  cases  the  mortar 
when  it  has  set  is  weak  and  pulverulent. 


CHAPTER  ly. 


FBAMmO. 


028.  FKAMma  is  the  art  of  arraii^rim;  beams  of  solid  mate* 
rials  for  the  varione  purpoeea  to  wlik-n  tliey  are  applied  in 
strnctiirGa.  \  frame  \%  any  arrangement  of  beams  made  for 
tnstaiiiinv  ati-aitig. 

529.  Tnat  branch  of  framing  which  relates  to  the  oombinft- 
tionft  of  beams  of  titnber  ie  denominated  Carjy^titry. 

530.  Timber  and  iron  aro  the  onlv  matenols  in  commoc 
nee  for  frames,  as  tbey  are  equally  anitable  tn  reeJst  the  vari- 
ous Btraine  to  be  met  with  in  stmctnreB.  Inm,  independently 
of  ofiFering  great«r  resistance  to  strains  than  timber,  poeeeeees 
the  further  advantage  of  boinjr  snsceptible  of  receivjjtg  the 
most  suitable  fonns  for  strength  witlioiit  injure'  to  the  mate 
ri&l ;  while  timber,  if  wronght  into  the  beet  forma  for  the 
object  in  view,  may,  in  some  cases,  be  greatly  injured  in 
streiijjtb. 

D31.  The  object  to  be  attained  in  framing  is  to  give,  by  a 
suitable  combination  of  beams,  the  requisite  decree  of  strength 
and  stiffiieftft  demanded  by  the  character  oi  the  structure^ 
united  with  a  lightness  ana  an  economy  of  material  of  whit-h 
an  arra7igeiDent  of  a  massive  kind  is  not  susceptible.  To 
attain  this  enil,  the  beams  of  the  frame  must  be  of  auch  forms, 
and  be  so  ircmbined  that  tliey  shall  not  only  offer  the  greatest 
resistance  to  the  effnrta  they  may  have  to  sustain,  but  shftll 
not  change  their  relative  positions  from  the  effect  of  these 
efforts. 

532.  llie  forms  of  the  beams  will  depend  upon  the  kind 
uf  material  used,  and  the  nature  of  the  strain  to  which  it 
may  l>e  i^ubjccted,  whetlier  of  tension,  compression,  or  a  cross 
strain. 

533.  The  general  shape  given  to  the  frame,  and  the  com* 
binationa  of  the  beams  for  this  purpose,  will  depend  npon 
the  object  of  the  frame  and  the  directions  in  which  the  efforts 
act  upon  it 

Id  frames  of  timber,  for  example,  the  cpoee  sections  of  each 
beam  are  generally  uniform  throughout,  these  sections  licing 
^tber  drcular,  or  rectangular,  as  these  are  the  only  simple 
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fomis  whioh  a  beam  can  receive  without  injury  to  Jta  Btrengtlt 
111  frame«  of  cofit-iroii,  each  beam  may  be  cast  into  tlie  iiioel 
BuiUible  form  fur  the  Btreugtii  r(X|uirc<l,  cuuMtilcring  the 
ecouojiiy  fif  the  material. 

334.  In  uombiiiing  tlio  beams,  whatever  may  be  the  gen- 
eral 8hai>o  of  the  frame,  tliD  parts  wluch  cijniiKMiO  it  niiiet,  as 
far  aH  pnicticable,  prc^nt  triangular  ii^urefl,  each  side  of  the 
triangles  belnc;  forine<l  uf  a  singlo  beam  ;  the  eoiineutioii  of 
the  beams  at  tbc  angular  points,  termed  llie  i<n/if»,  beinir  so 
arrangeil  that  no  yielding  i^aii  take  place.  In  all  combitia- 
tiona,  tlierefure,  in  wliicU  tlic  principal  l>eam8  form  poly^ouml 
fignros,  scuondnry  b<-aitiR  must  be  oddcil,  either  in  Uic  airev 
tiona  of  the  diagituakof  the  polygon,  or  eo  as  to  connect  each 
pair  of  beams  forming  an  angle  of  the  polyeon,  for  the  pur- 
pose of  preventing  any  change  of  form  of  the  figure,  and  of 
giving  tno  fi-amo  the  requisite  stlflFnefea.  Tiieso  soctmdary 
pieces  receive  the  general  appellation  of  braces.  When  they 
sustain  a  sti-ain  of  compression  they  are  termed  9tr-ut9 ,'  when 
one  of  extension,  ties. 

535.  As  one  of  the  objects  of  a  frame  is  to  transmit  the 
strain  it  directly  receives  to  firm  points  of  support,  ilto  beams 
of  which  it  is  formed  should  be  so  combined  that  this  may 
be  done  in  the  way  which  shall  have  the  least  tendency  to 
change  the  sliapc  of  the  frame  and  to  fracture  the  beams. 

686.  The  points  of  support  of  a  fmmo  may  be  either 
above  or  below  it.  In  tlio  fonuer  case,  the  frame  will  con- 
sist of  a  suspended  syetem,  in  which  tl)o  ixdygon  will  a.^'sume 
a  position  oi  stable  equilibrium,  its  sides  being  subjected  to  a 
strain  of  oxtoiislon.  In  the  latter  ca^e  thci  frame,  if  of  a 
polygonal  form,  must  satisfy  the  essential  conditions  already 
ouumcrated,  in  order  that  its  state  of  equtUbriuiu  shall  m 
stable. 

537.  The  object  of  the  strnctnre  will  neoeeaarily  decide 
ihe  general  shape  of  the  frame,  hh  well  as  the  direction  of 
tlie  strains  to  which  it  will  bo  siibjeeled.  An  examination, 
therefore,  of  tlie  frames  adapted  to  some  of  the  more  usual 
structures  will  be  the  best  course  for  illustrating  both  the 
preceding  geiiend  prinelplcfl  and  tlie  more  ordinary  combino- 
do&B  of  UI6  beams  and  joints. 

538,  Frames  fbr  Crota  Strains.  The  parts  of  a  frame 
which  receive  a  cn^t^s  btntiii  iiiuy  be  horixonCal,  as  the  bcuius, 
x>T  joisU  of  a  floor;  or  inclined,  as  this  Uejiins,  or  rafters 
which  form  the  inch'ned  rf  u^s  of  the  frame  of  a  roof.     Tha 

Sresfure  producing  the  cross  strain  may  either  be  uniformly 
istributed  over  the  beams,  as  in  the  cases  just  cited,  or  il 
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m&y  act  only  at  one  poiitt,  aa  in  the  cofio  of  a  weight  laid 
upon  the  beam. 

In  all  of  the«c  cases  the  extremities  of  the  beam  shotild  lie 
finulv  fixed  a^iiist  inunovable  [loiiitti  of  support ;  the  lungei 
side  of  tJie  reotiingular  seetion  of  the  beam  should  bo  par- 
allel to  the  direutiun  of  the  &train,  afi  tliia  ia  the  best  poeition 
for  tttrength. 

If  the  distance  between  the  points  of  support,  or  the  beaT- 
inff,  be  not  great,  the  framing  ma;.'  consist  simplj  of  a  row 
of  parallel  l>eainB  of  such  diinensioui),  and  placed  so  far  tuaxm 
dcr  as  tlic  strain  borne  ina^  require.    Avhcn  the  beams  are 


Pll.  H— ItofiiM«to  ft  oroa  neMM  of  hartwnui  baaaw  «  «  tarMM 

bjdla«UBBllMCtMI«». 


narrow,  or  the  depth  of  the  reetangle  considerably  greatei 

tlian  tlie  l>readth  (Kig.  84),  Bhort  strute  of  battens  may  be 
placed  at  intervHla  between  each  pair  of  beams,  in  a  diagonal 
diret-tioii,  uniting  the  bottom  of  tlie  one  with  the  tvm  of  tbe 
Ather,  to  prevent  the  beams  from  twisting,  or  yjeldmg  late- 
rally. This  also  increases  the  Btifiiiesa  of  the  structure  by 
distnbuting  the  strains. 

939.  When  the  bearing  and  eti-ain  are  so  great  that  a  sin- 
gle beam  will  not  present  snllicient  strengtii  and  stiffness,  a 
combination  of  beams,  termed  a  IfuiU  hcaviy  which  may  be 
W^V/,  cont^isting  of  several  laycra  nf  timber  laid  iu  juxtapo- 
sition, and  finnly  connected  together  by  iron  bolts  and  straps 
—or  open,  being  formed  of  two  beams,  with  an  iutcrml  be- 
tween them,  BO  connected  by  cross  and  diagonal  pieces,  that 
a  strain  upon  either  the  npper  or  lower  l^m  wm  be  trans- 
mitted to  tne  other,  and  the  whole  system  act  under  the  effect 
of  the  strain  like  a  solid  beam. 

540.  Solid  built  Beams.  In  framing  solid  bnilt  beams, 
the  pieces  in  each  ccrnrse  (Fig.  85)  are  laid  abutting  end  to 
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end  with  a  square  joint  between  tliem,  the  ooiu«es  breaking 
joints  to  form  a  Btr<mg  l)ond  between  tliem.  The  courses 
ai-e  firmly  connected  either  by  iron  bolts,  fonnod  with  a 
screw  ana  nut  at  one  end  to  bring  the  courses  iutu  close  eon- 
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Uofc,  or  elao  by  iron  bands  driven  on  light,  or  bj  iron  stiirupf 
(Fig.  8(1)  suitably  arranged  with  screw  ends  and  nuts  for  tbe 
•une  purpose. 


:a fe 
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Wlien  the  strain  is  of  such  a  obaracter  that  the  cour&e* 
would  be  liable  to  work  loose  and  slide  along  their  joints,  tbft 
beams  of  the  different  euurace  may  be  niade  with  shallow  is- 
dentatiuus  (Fig».  87,  Sd),  accnrat^ly  fitting  into  each  other; 
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or  shallow  rectangular  notches  (Fig.  89)  may  be  cut  acrwa 
each  beam,  being  so  placed  as  to  receive  blucks,  or  kcj/g  of 
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flbaped  piei'eft  (Fig.  90),  for  tlie  purpose  of  causing  thera  tc 
fit  the  notches  more  closely,  and  to  admit  of  bemg  driven 
tigbt  apon  emx  shrinkage  of  the  woody  fibre. 
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moiatnre,  aa  it  allows  of  evaporation  from  the  free  circulation 
'jf  the  air  through  the  joints.  Felt,  or  stout  paper  saturated 
with  mineral  lar,  has  been  rccoiumendcd  to  secure  the  jointa 
fn^iii  the  actiou  of  muisture.  The  preparud  material  ie  so 
placed  as  to  (x:cupy  the  entire  surface  of  the  joiutt  aiid  ihe 
whole  is  well  screwed  together. 

541.  Joints.  A  joiut  ie  the  surface  between  two  pieces 
which  come  in  contact  with  e»cb  other,  and  which  are  connected 
together.  The  form  and  arraugeineut  of  joints  will  depend 
npon  the  relative  positiun  of  the  bcaius  joined,  and  tJie  oi>]eet 
of  the  joint. 

In  alt  arrangements  of  joints,  the  axes  of  the  beams  con- 
nected should  ne  in  the  same  piano  in  which  the  strain  upon 
the  frame  acts ;  and  the  combination  should  be  bo  arranged 
that  the  part«  will  accurately  tit  when  the  frame  is  put  to- 
gether, and  that  uiy  portion  may  be  displaced  without  dift- 
eorniecting  the  rest.  The  simplest  forms  must  suitable  tu  the 
object  in  view  will  usually  be  found  to  be  the  liest 

In  adjusting  the  surfaces  of  the  joints  an  alluwanoe  should 
be  m&dc  for  any  settling  in  the  frame  whidi  may  arise  eitlier 
from  the  shrinking  of  Uie  timber  tu  sea^^oning  while  in  the 
frame,  or  from  the  fibres  yielding  tn  the  uotion  of  tlie  strain. 
Tliis  ie  done  by  leaving  enthcient  play  in  the  jointB  when  the 
frame  is  first  set  up,  to  admit  of  the  parts  coming  into  per- 
fect contact  when  the  frame  lias  attamed  its  final  setttiut^. 
Joints  formed  of  plane  surfaces  present  more  difficulty  m 
this  respect  than  curved  joints  as  the  bearing  surfaces  in  the 
latter  case  will  remain  in  c<.tntaet  sliould  any  ttlight  change 
take  place  in  llie  relative  positions  of  the  beuni;^  from  setillng; 
whereas  in  the  former  a  slight  settling  might  cause  tJie  strains 
to  be  thrown  npon  a  eoriier,  or  edge  of  the  joint,  by  wbicli 
^the  bearing  surfaces  might  l>e  crushed,  and  tue  parts  of  the 
framework  wrenched  asunder  from  tlie  leverage  which  such 
a  clrcuni6tancc  might  occasion.  ■ 

The  surface  of  a  joint  subjected  to  ureaanro  should  be  aa 
great  as  practicable,  to  secure  the  parts  in  contact  frum  being 
crushed  by  the  strain ;  and  tlie  surface  should  be  neiiriy  pcr- 
pendicnhir  to  the  direction  of  the  Btrain  to  prevent  sliding. 

A  thin  plate  of  iron,  or  lead,  may  bo  inserted  between  the 
Burfaccd  of  joints  where,  from  the  magtiitudo  of  the  strain, 
one  (if  (hem  is  liable  to  bo  crushed  by  the  other,  as  in  Ihe 
use  of  tlie  end  of  one  beam  resting  upon  the  face  of  another. 

542.  Folding  wedges,  and  pins,  or  iree'iuzth,  of  hard  wood, 
are  used  t«:i  bring  tlie  surfat^s  of  joints  firmly  to  their  lieap- 
1d£B,  and  retain  the  parts  of  the  frame  in  their  places.    The 


SOS 


civil,  ZJSOTSKXBJSa. 


wcdffM  are  ineertod  into  gqiiara  holes,  and  Ihc  pins  Into  angor 
luilea  made  through  the  parts  eonncotod.  Ae  tlio  ohjtHit  ui 
t}iu^  aL'(«aaijried  is  Biiitnly  to  briii^  cho  parC^  cnnneuled  into 
cloee  eoiitftot,  they  eliould  be  eareftilly  driven,  ui  onler  nut  to 
cause  a  etraiu  that  might  criuh  the  fibres. 

To  eeciirc  joints  eubjuftcd  to  a  heavy  Bti-uiu,  boUs,  straps, 
and  lioopg  uf  wiviighi  iiiiEi  lu-o  ii^vd.  TIit^He  should  \ni  [>lacfcl 
iu  the  Irtrfit  directiou  to  counteract  tbe  strain  and  prevent  the 
purbt  from  separating;  aud  wherever  the  bolts  are  requisite 
tliey  frliould  be  iut>crtod  at  those  poiutb  which  will  leas^t  weaken 
the  joint. 

543.  Joints  of  Beama  united  end  to  end.  Wheu  tbc  nxce 
of  the  beama  are  in  the  same  riplit  line,  tlio  form  of  liie  joint 
will  depend  npuii  the  direelion  of  tlio  fttrain.  If  tlie  >iti-ain  ia 
one  of  eompressiuu,  thj  ends  of  the  beauiB  may  be  united  by 
a  sqaareioiiit  perpendieular  to  their  axes,  the  joint  being 
secured  (Fig.  91)  by  four  aliort  pieces  bo  plained  as  lo  embrace 
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the  ends  of  the  beaina,  and  l>ein^  fastened  to  the  beams  and 
to  eiteb  other  by  bolts.  TIiIb  iirranffcmenl.  termed  ^>Ai>i^  a 
heat/iy  i&  used  only  for  rougli  worli.  It  may  nltso  be  lujed 
when  tiie  strain  is  one  uf  extension;  in  wbieh  case  the  «hort 
piei^ee  (Fig.  92)  may  be  notubed  upon  the  bcaiii&,  or  else  leer's 
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of  hard  wood,  inserted  into  tliallow  notelieg  made  in  tlio  beami 
and  ehort  pieces,  may  be  employed  to  give  additional  i^ecurity 
to  the  joint. 

A  joint  termed  a  /«rarfm&y  be  nsed  for  eitber  of  the  fore- 
going purposes.    This  joint  may  be  f  jrmed  either  by  halving 
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tlie  beams  on  each  other  nenr  rlicir  ciidfi  (Fig.  0.^),  and  ee- 
cnriug  the  jointa  by  bolts,  or  straps  ;  or  else  by  bo  arranging 
the  cudK  ot  t]ie  two  beams  that  cacli  shall  fit  into  &haTlow 
triangular  notches  cut  into  the  other,  tlie  joint  behiff  secured 
bv  iron  hoops.  Tliis  last  method  is  employed  ror  ronnd 
tnuber. 

&44.  When  beams  anited  at  thoir  ends  arc  subjected  to 
a  t:r*i«s  Btmin,  a  scarf  joint  ia  generally  need,  tlio  tinder 
part  of  the  joint  being  cecnred  by  an  iron  plate  confined 
to  the  beams  by  bolts.  Tlie  B<*nrf  for  this  purpose  may 
be  formed  simply  by  halving  tho  l>eams  near  their  ends ; 
but  a  more  nsn&l  ami  better  form  (Fig.  94)  ia   to  make 
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the  portion  of  (he  joint  at  the  top  surface  of  tJi©  beams  per 
pendieiilnr  to  their  axe*,  and  about  one  tliinl  nf  thfjr  deptli ; 
the  bottom  ]K>rtion  being  oblique  to  tho  axil,  as  veil  as  the 
portion  joining  tliesc  two. 

AVhen  the  Wmnis  nre  siibjecteil  to  a  cros?  stmin  and  to  one 
of  extension  in  the  direction  of  their  axe«,  tiie  fonn  of  the 
ftcftrl  niiiMt  lie  eiiitalily  arranged  to  resist  eneh  of  these  etmina. 
The  one  slujuu  in  I- ig.  95  is  a  suitable  and  usual  form  for 
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these  objects.  A  folding  wedge  key  of  hard  wood  is  in- 
lerled  into  a  sjiaiTO  left  between  the  parts  nf  the  jitint  whicJi 
catch  when  tlie  beama  are  dmwni  apart.  The  key  senses  to 
brin^  the  snrfaccs  of  the  joints  to  their  bearings,  and  to  form 
an  aontting  surface  to  resist  the  strain  of  extension.    In  thii 
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one  beam,  the  Bides  of  the  not<:h  being  perpcndicnlar  to 
each  other,  and  a  ehnllow  mortise  ia  cut  into  the  lower 
surface  of  the  notch ;  the  end  of  the  other  beam  is  enitabl^ 
shajped  to  fit  the  notch  and  mortise. 

The  direction  of  the  strain  and  the  effect  it  may  produce 
npon  the  joint  muBt  in  all  cafice  regnlate  its  fonn.  In  some 
caaes  the  circnlar  joint  mav  be  more  suitable  than  tho^e 
fonns  which  are  plane  surfacce;  in  others  a  double  tenon 
maj  be  better  t})aii  tJie  einiple  joint. 

547.  Tie  Joints.  These  joints  are  uaed  In  eonne<;t  beams 
which  crot*,  i>r  lie  on  each  other.  The  Biniplcet  and  etrong- 
c&t  fonn  of  tic  joint  conKi^te  in  cutting  a  notch  in  one  or  both 
of  the  bcainA  to  connect  them  aecnrely.  I3ur  when  the  beams 
do  not  cross,  but  the  end  of  one  peats  upon  tlie  uther,  a  notch 
of  a  trapezoidal  form  (Fig.  98)  maj'  be  cut  iu  the  lower  beam 
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to  receive  the  end  of  the  npper,  which  is  snitahlj*  shaped  to 
fit  the  notch.  Tins,  fn'm  its  shafie,  is  tcnncd  a  d-">y-ttfil 
foint.  It  is  of  frequent  uee  in  joinery,  but  it;  not  {suitable 
;or  heavy  frames  where  the  joints  are  snbjecrted  to  consider- 
able strains,  as  it  soon  becomes  loose  from  the  shrinking  of 
the  timber. 

548.  Open  built  Beams.  In  framing  o|)en  bnilt  beama, 
tlie  principal  p<iint  to  be  kept  in  view  is  to  form  such  a  con- 
nection between  the  upper  and  lower  wilid  bcamR,  thst  they 
shall  be  eti-ained  uniformly  bv  the  action  of  a  sTrain  at  any 
point  between  tlie  hearinf^'.  iThis  may  be  effected  in  various 
ways,  (Fig.  99.)     Tlie  upper  and  lower  beams  may  consist 
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either  of  single  beams  or  of  solid  built  beams;  these  are  con 
Dectcd  at  regular  intervals  by  pieces  at  right  nuplea  to  them, 
IfCtwccD  which  diagonal  pieces  are  placed.    Uy  this  arrange- 
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moiit.  tho  rolativo  jmHltion  of  all  tho  pftrto  nf  tho  fninio  wW 
bo  {)renL>rvc(l,  uiid  dio  etraiii  at  any  point  will  be  brought  tc 
bear  upon  tltc  iittcmicdiatc  points. 

540.  Framlns  I'or  Intermediate  Supports.  T^ams  of 
ordinary  dimoimioiiA  may  bo  ii»od  for  wido  bearings  when 
intermediate  aiipiKirta  caii  be  procured  between  Uie  extreme 
points. 

Tlio  Bimpleet  and  most  obWons  method  of  effecting  thin  is 
to  place  iii)riglit  bearnB,  termed  j>r9j>«,  or  sAores^  at  BuitahU 
intervals  under  the  Biipported  beam. 

Wlion  the  pnijM  would  interfere  witli  some  other  &rrango- 
nient,  and  ponita  of  fiopport  ean  be  procured  at  the  extrenii- 
tjea  below  those  on  which  the  beam  rests,  incliued  struts  (Fi^. 
100}  muv  bo  udcd.  The  etrute  must  have  a  snitably  formed 
Btop  at  tlie  foot,  and  be  connected  at  top  with  the  beam  by  a 
suitable  joint. 

Iq  Bonio  cases  the  bearuig  may  be  diminislied  by  placing 

^  -™ — 

on  the  points  of  »iipport  short  pieces,  termed  oorbeU  (Fig.  101), 
and  Bupportiug  tlnvM!  near  their  ends  by  stnitH. 

In  other  cases  a  portion  of  tho  beam,  nt  tho  middle,  may 
be  Btrcngthencd  by  placing  nnder  it  a  short  beam,  called  a 
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ftraimnrf  Uam  (Fig.  102),  i^nins*  the  ends  of  which  the 
etrota  abut. 


nLuniro. 


"Whenever  the  beariiig  may  require  It  the  two  preceding 
tmuigementa  (Fig.  103)  may  be  used  in  coniiectiou. 


I 
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In  all  combinations  with  stmts,  a  ]at«ral  thnut  will  be 
thrown  on  the  point  of  supiK>rt  where  the  foot  of  the  strut 
rents.  Tliia  Btrain  must  be  provided  for  in  proportioning  the 
•upports. 

560.  "When  intermediate  anpporte  can  be  procured  only 
above  the  beam,  an  arrangement  must  be  made  which  ehall 
answer  the  purpose  of  sustaining  the  beam  at  its  intenne- 
diate  p*)ints  by  euspension.  The  wmibination  will  depend 
npon  the  number  oi  interraediaro  points  required. 

When  the  beam  requires  to  be  supported  only  at  the  mid- 
dle, it  may  be  done  as  sbown  in  Fig.  IIH.  If  the  suspending 
piece  be  uf  iron,  it  iniiet  be  arranged  at  one  end  witli  a  sitrew 
and  nut.  When  the  support  is  of  timber,  a  single  beam, 
called  a  kingpost^  (Fig.  1()4,)  may  be  used,  agaiufit  the  head 
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of  which  the  two  inclined  pieces  mar  abut ;  the  foot  of  the 
po^t  is  connected  with  the  beam  by  a  bolt,  an  Iron  stirrap,  or 
H  suitable  joint  Instead  of  the  ordinary  king  po«t,  two 
I>eam3  may  be  used ;  these  are  placed  opposite  to  each  other 
and  bolted  together,  embracing  ootwccn  tliein  the  supported 
beam  and  the  heads  of  the  inclined  Ifean^B  which  tit  into  shal- 
low notches  cQt  into  the  supporting  beams.  Fiecea  arranged 
18 
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in  Uiie  manner  for  Buspendiiig  purlioue  of  a  fmtne  receive  tlis 

lianio  of  sutrpentionptecen,  or  bridUptMet. 
When  two  intermediate  pointe  of  support  are  required,  tlie} 
nv  be  obtained  as  sbown  in  Vie.  10&.      The  auspciuioii 


ma^' 


auspciuioii 
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pieces  in  this  case  may  be  either  poets,  termed  gwen  post*, 
arranged  like  a  kin^  poet,  iron  rods,  or  bridle  pieces.  This 
(X)mb)nation  may  bo  used  for  verv  wide  bearings,  (Fig.  lOG,) 
by  suitably  increasijig  tlie  uuiuLer  of  inelin^  pieces  and 
(training  beam. 


t 
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SGI.  Experiments  on  the  Strength  of  Frames-    Eicperi- 

I'.ental  i-cwftriJict  on  tliis  point  hiivti  bi-on  nnwlly  realiicted 
To  those  made  with  models  on  a  com^tarntivoly  small  scale, 
owing  to  the  exneiiee  and  diflicalty  ntlendajit  upon  experi- 
ments on  frames  iiaving  the  fonn  and  dimensions  of  tJioM 
emploYcd  in  oi-dinary  structures. 

Among  the  most  remarkable  experimente  ou  a  large  scale, 
are  thoeo  made  bv  order  of  the  French  government  at  lA>ri- 
ent,  under  the  rfiroction  of  M.  Riebell,  (he  superintending 
engineer  of  the  port,  and  piihlished  in  tlie  Annales  Marh' 
twn^4  fft  C'uloniaitm,  Feb.  ana  Nov.,  1837. 

The  oxuerimente  were  made  by  first  setting  up  tho  frame 
tn  !>e  tried,  and,  after  it  had  settled  under  the  action  of  iti 
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own  weight,  suspending  from  the  back  of  it,  hy  ropea  placed 
St  equal  intervals  apart,  equul  weights  to  represent  a  load 
iiiiiforiiily  distributea  over  the  buck  vf  the  frame. 


The  i*»  lilts  contained  in  tlie 


following  table  ai*  from  ex- 


periments on  a  truss  (^)g-  107)  for  the  roof  of  a  ship  shed 
T)m  triise  consisted  of  two  rafters  aud  a  tie  beam,  with  sna- 


Wi€.M. 


pension  pieces  in  pairs,  and  diagonal  iron  bolra,  which  wore 
added  because  it  was  necessary  to  scarf  the  tie  beam.  The 
span  of  the  truss  wss  65^  feet ;  Uie  rafters  had  a  slope  of  I 
perpendicular  to  4  base.  The  tliiclincs*  nf  the  beams,  mean- 
urod  horizuii tally,  was  abtnit  2^-  inches,  their  deptli  about  13 
inches.  The  amount  of  the  eetlling  at  each  ropo  was  aacer* 
tained  by  fixed  graduated  vertical  rods,  the  nieusures  being 
taken  below  a  horizontal  line  marked  0. 
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Tlie  following  table  glres  the  results  of  experiments  made 
on  frames  of  the  nsual  fomis  of  stTaight  and  curved  timber 
for  roof  trusses.  Tlie  cur^■ed  pieces  were  made  of  two  thick- 
nesses, eacli  3^  inches.  The  nnmbers  in  the  Hfth  nfluain 
jriro  the  ratios  Itctween  the  weight  of  the  franic  and  that  of 
Ijie  weight  borne  by  which  the  elasticity  was  not  iiuimired. 
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flhorp  lengths,  depondinc  on  the  ctirr&ture  reqnired ;  these 
pief.€«  abut  end  to  eiui,  tho  jnintft  heing  in  the  direction  of 
the  radii  of  curvature,  and  tlio  piocefl  compoBJng  tho  difTeronC 
couraes  break  joints  with  eacfi  other.  The  couraeH  may  bo 
connected  either  bv  jibe  and  keys  of  hard  wood,  or  by  iron 
bolts.  This  mcthuu  is  very  etiitahlo  fur  all  light  framework 
where  the  pitwenpo  borne  is  not  great 

Wofidcn  arches  arc  chiefly  used  for  bridges  and  roofs. 
They  serve  as  intonnediale  poinrs  of  support  for  tho  framing 
on  which  tho  roadway  rosta  in  tho  oiio  case,  and  tho  roof 
covering  in  the  otlier.  In  bridges  tho  roadway  may  lie  either 
above  the  arch,  or  below  it ;  in  either  oaae  vertical  poets, 
iron  rods,  or  bridles  oonnoi^t  tite  horizontal  beams  with  tlie 
ar<;li. 

553.  Tlio  greatest  straie  in  wooden  arches  takes  place 
near  tlio  springing  lino;  this  pni-t  sliould,  therefore,  when 
praotioablo,  he  relieved  of  the  pressure  tlmt  it  would  directly 
receive  from  the  beams  above  it  by  inclined  struts,  so  arranged 
as  to  throw  this  pressure  upon  the  lateral  supports  of  tlie 
arcli. 

The  pieces  which  compose  a  trooden  arch  may  be  bent  into 
any  curve.  The  one,  however,  usually  adopted  is  an  arc  of  a 
cirt-le,  art  tho  most  siinplo-for  the  incchauiciil  t'on&lrnction  *if 
the  framing,  and  pi-e6entiug  all  doeirablo  strength. 


Cu-umcATtoir.      U.    Stokb    Bbcpoeb. 
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554.  A  bridge  jb  b  struutiire  for  supporting  a  roadway  otcT 
ft  body  or  btreun  of  water,  or  over  a  depression  in  tliu  earth. 

If  the  «tiiic:tn]-e  is  over  a  depression  in  which  tiiere  ii 
usnallv  no  water,  it  is  called  a  viadvd. 

If  t^ie  structure  supports  a  water-way^  it  is  called  an  o^ti^ 
ditct,  and  if  the  aqueduct  is  over  a  ri^er,  it  is  Bouictuues 
called  an  aqtuduct-bridge. 

Bridged   luuv  be  cloeeed   according  to  tlieir  meuhauical 
features}  in  which  case  wc  have — 
1.  Arches. 

3.  Trussed  bridges. 
8.  Tubular  brieves. 

4.  Snspen&ion  liridges. 

They  may  also  be  cla&Bed  accurdiug  to  the  materials  which 
eoinpOBO  them;  as  Stone,  Wofid,  aud  Irr^u- 

The  former  is  more  convenient  for  the  purposes  nf  analy- 
sis, but  the  latter  will  be  used  in  this  work. 

n. 
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556.  A  stone  bridge  consists  of  a  roadway  which  rests  upon 
one  oi  more  arches,  usoally  of  a  cylindrical  form,  the  aDu^ 
ments  and  piers  of  tl.e  arcnea  being  of  sufficient  height  and 
strength  to  secnre  them  and  the  i-oadway  from  the  ouocta  of 
ID  extraordinary  rise  in  the  water-c:  urea. 
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006.  Tbc  general  location  of  a  bridce  will  depend  tipon 
the  nn|tr<.>Rcln.'e,  and  the  particular  Uicality  may  l>e  irKxlined 
t)_v  llif!  t:1iara<-.ler  of  the  haokft,  the  hjH  or  bdW)!!,  and  the 
Ii<'iid8  in  the  stream.  High  enihaiiknientB  ard  deep  excavi- 
tiniis  will  nattirall}*  be  avuided,  if  poeeiblc.  The  faces  uf  the 
|iierit  and  ahiiinientfi  should  l»e  ne&rly  or  quite  parallel  to  tha 
thread  of  tl»e  etream. 

557.  Survey.  With  whatever  coiisidcralionB  the  locality 
may  have  been  M,'lectcd,  ii  nuffnl  mirvey  innst  be  made  not 
only  of  it,  but  also  of  the  wator-c^nrec  and  ite.  environs  for 
BOine  distance  above  and  below  tlic  p<'int  which  the  hridce 
will  ocicnpy,  to  enable  Iho  cnghioer  to  jiidj^j  of  tlie  prtiVtablo 
effects  which  the  bridge,  when  erected,  way  have  upon  the 
natural  regimen  of  tlie  water-couree. 

The  object  of  the  survey  will  be  to  aecertain  Ihoronehly 
the  natural  features  of  the  surface,  the  natnrc  of  the  siil«ni] 
of  tlic  bed  and  banks  of  tlie  wator-<!oiireo,  and  the  character 
of  the  water-eonrec  at  its  different  i)haR*  of  high  and  luw 
water,  and  of  frcshote.  lliie  infonnatioii  will  In-  enih(«<Hed 
in  ft  topogmphical  map ;  in  cross  and  longitudinal  pftrtions  of 
the  wQler-coursc  and  the  eiibKlrata  of  ite  bed  and  banks,  afl 
ascertained  by  Bound ings  and  boringe;  and  in  a  debcriptive 
memoir  which,  besides  the  usual  state  of  the  water-course, 
should  exhibit  an  account  of  its  changes,  occasioned  either 
by  j^»enriancnt  or  by  accidental  caueee,  as  from  the  effects  of 
extraordinary  freshet*,  or  fmm  the  construction  nf  bridges, 
dams,  and  other  aiiiticial  chanp>fl  either  in  tlie  bed  or  banks. 

6B8.  Water-^way.  When  the  natural  water-wav  of  a  river 
is  obstructed  by  any  artificial  means,  the  ciintractn>ii,  if  con- 
Biderable,  will  canine  the  water,  above  the  noint  where  the 
olMtruetion  is  placed,  to  rise  higher  than  the  level  of  that 
below  it,  and  produce  a  fall,  with  an  increased  velocity 
doe  to  it,  in  the  current  between  the  two  levels.  These 
CBiues,  during  heavy  freshets,  may  be  productive  of  serious 
injury  to  agriculture,  fmni  the  o\''ci'flouing  of  the  banks  of 
the  watcr-cunrse ; — may  endanger  if  not  entii-ejy  suspend 
navigation,  during  the  seasons  of  freshets ;— and  expoee  any 
strueturo  which,  like  a  bridge,  forms  the  obstruction,  to  min, 
from  Uie  increased  action  of  the  eurrent  ufion  the  soil  amniid 
its  foundations.  If,  on  the  contrary,  the  natural  water-way  is 
enlarged  at  the  ttoint  where  the  structure  is  placed,  with  the 
view  of  preventing  these  consecjuences,  the  velocity  of  the 
current,  auriuc  the  ordinary  stafpes  nf  tlie  water,  will  be  de- 
creased, and  this  will  occiunion  dejkosita  ut  be  formed  at  the 
point,  wliich,  by  gradually  filling  up  iho  bed,  niight,  on  a 
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nidden  me  of  tlie  -water,  prove  a  more  BerionB  obstmctiriii 
than  the  Btnictiire  itself;  particularly  if  the  main  bodprof  tho 
water  ehoiild  happen  to  be  diverted  by  the  deposit  from  its 
ordinary  ctiaimcU,  and  fonn  new  ones  of  greater  depth 
around  the  foiiiidations  of  the  etrneture. 

The  water-way  left  by  the  structure  should,  for  the  rcaftoni 
above,  be  w>  reeulated  that  no  considerable  i;hange  shall  be 
occasioned  in  the  velocity  of  the  rurrent  throngh  it  during  tlie 
meet  nnfavorabte  stagee  of  the  water. 

&50,  For  tho  pnrpoee  of  dccidiiiff  upon  the  most  suitable 
velocitT  for  the  current  ihrouj'h  tlie  contracted  water-way 
fonned  by  the  structure,  the  velocity  of  the  current  and  its 
effects  QjMin  the  »oil  of  The  banks  and  bed  of  the  natural  water- 
way bIiouM  be  carefully  noted  at  those  seasons  when  the  water 
[a  Highest;  selecting,  in  preference,  for  these  obBerTati<ms,  those 
points  above  and  belo\<^  tlie  oue  which  the  bridge  is  to  occupy, 
where  the  natural  water-way  ia  iiKj*t  contracted. 

580.  The  velocity  of  the  current  at  any  point  may  be  aacer- 
taiued  by  the  Bimple  process  of  allowing  a  light  IxOl,  or  Jloat 
of  some  material,  like  white  wax,  or  camphor,  whose  specific 
pravity  is  (M)mewhat  less  than  tliat  of  water,  to  be  carrieu  along 
by  the  current  of  the  middle  thread  of  tlie  water-course,  and 
noting  the  time  of  its  passage  between  two  fixed  stations, 

QSL  From  tho  velocity  at  the  surface,  ascertained  in  this 
way,  the  average,  or  mean  velocity  of  tlie  water,  which  flows 
through  the  cross-section  of  any  water-way  between  the  sto* 
tiuus  where  the  otiservatlous  ore  taken,  is  nearly  f our-fiftliB  of 
iha  veW>ity  at  tbe  surface. 

Having  "the  mean  velocity  of  the  natural  water-wav,  that  of 
the  artificial  water  way  will  be  obtained  from  the  following 
expresuon, 

t.  =  m-V. 

in  wbiob  a  and  v  represent,  respectively,  the  area  and  moan 
velocity  of  tlie  artificial  water-way  ;  S  and  V,  the  same  data  of 
the  natnral  water-wav;  and  m  a  oonfttant  quantity,  whioh,  as 
detennineil  irvm  various  ex]>eriments,  may  be  represented  by 
the  mixed  number  1.097. 

With  regard  to  the  effect  of  the  increased  velocity  on  tho 
bed,  there  are  no  experlmenta  which  directly  apply  to  the 
cMises  usually  met  with.  The  following  table  is  drawn  up  from 
experiment^  made  in  a  confined  c-hanncl,  the  bottom  and  sides 
of  the  channel  being  formed  of  rough  boards : — 
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562.  Bays.  Ab  a  {^neral  rule,  there  elionld  he  an  odd 
number  of  bays,  whenever  the  width  of  the  water-way  i»  too 
great  to  be  epanned  by  a  single  arch,  fjocal  oimumstaiiceA 
may  require  a  departure  from  thid  rule;  but  when  departed 
from,  it  will  be  at  tlie  eoet  of  architectural  e0€ct ;  since  no 
secondary  feature  can  occupy  the  central  |K)int  in  any  arclii- 
t«ctural  compoeitiou  without  impairing  the  beauty  of  the 
structure  to  the  eye ;  and  as  the  arches  arc  the  main  featuroB 
of  a  stone  bridge,  the  conlral  point  oiiglit  tu  be  occupied  by 
one  of  tiiem. 

The  width  of  the  bavs  will  depend  mainly  upon  the  char 
acter  of  the  current,  the  nature  of  the  soil  up'jn  which  the 
foundations  rest,  and  the  kiud  of  material  that  can  l>e  obtahied 
for  the  masonry. 

For  streams  with  a  gentle  current,  which  arc  not  subject  to 
heavy  freshets,  narrow  ba>'8,  or  tho&e  of  a  ineditnn  sixe  may 
be  adopted,  becanae,  even  a  considerable  diminution  uf  the 
natnml  water-way  will  not  ^atly  affect  the  vetot^itv  under 
the  bridge,  and  the  foimdations  therefore  will  not  be  lialile  to 
Iwnndenniiied.  Tlie  difiiculty,  moreover,  of  laying  ihe  foun- 
dationa  in  eCrcams of  thie  character  isjfenerally  inoonsiderflble. 
For  streams  with  a  rapid  current,  and  which  are,  moreover, 
eubject  to  great  fre&hets,  wide  bays  will  be  most  snituMe.  iu 
")i-der,  by  pn»curing  awide  wator-way,to  dimiiiiEth  the  danger 
to  the  points  of  support,  in  placing  aa  few  in  the  stream  aa 
practicable. 

563.  Claasifioation  of  Arches.  Arches  are  olaaeed,  ac- 
cording to  their  concave  surface,  as:  ci/lindrical,  conical, 
eonoi<ML  toarp^d,  annular,  groined,  doietered,  and  dotiieg. 

A  rtff/it  arch  is  one  lu  which  the  axis  is  pcrnendiiMilar  to 
the  face ;  and  an  tibUque  arch  is  one  in  which  tne  b-xib  is  not 
perLH-ndicular  to  the  race. 

A  rampant  arch  is  one  in  which  the  axis  is  not  in  a  horizon 
tal  plane. 

064.  Surfaces  of  the  Arch.  The  toJU  is  the  imier  oon 
cavo  surface. 


ASOHES. 

Tbe  ^tjk  Ib  the  external  eiirfsce. 

The/ace  of  the  arch  is  the  end  enrface. 

D65.  Unes  of  the  Arch.  The  springing  lints  are  the  u> 
terBcctions  of  the  Boffit  with  tlie  abutment ;  as  a\  o\  Fig.  121. 
In  Fig.  116,  B  is  the  projection  of  a  springing  line 

The  ^an  is  the  diora  of  tbe  ctUTo  of  right  sectloD,  ai 
DB,  Fig.  116. 
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He  ovtr  of  the  arch  ia  the  line  paasing  through  the  centred 
of  the  span. 

The  rise  is  the  Tened  sine  of  the  curve  of  right  sectioii,  u 
AC,  Fig.  116. 

Tlie  tntrtulos  is  the  intersection  of  the  soffit  with  the  face 
of  the  arch,  aa  DCB. 

The  extrados  is  the  intersection  of  the  back  of  the  arch 
with  the  face. 

The  intrarloe  maj  be  defined  as  the  inner  curve  of  a  verti- 
cal riglit  section,  and  the  lixtrudos  as  the  cntei  one. 

Tbe  croton  ia  the  higliest  line  of  tlie  soffit 

The  coursing  Joints  are  thoee  lines  which  mn  lengthwise  of 
the  arch,  and  separate  the  several  c^inrses  of  the  attmes. 

The  headina  or  ring  joints  are  tljose  lines  which  separate 
the  stones,  ana  arc  ncarl}'  or  quite  parallel  to  the  ftic-t;  uf  the 
arch. 

D66.  Volumee  of  the  Arch.  The  blocks  of  stone  which 
Conn  the  bodj*  of  the  arch  are  called  voussoirs. 

Ttic  keystone  is  tbe  highest  stone  of  the  arch. 

Tlie  imjiost  stones  are  the  highest  stones  of  the  abntmeDti 
and  upun  wliich  the  arch  direcUj  rests. 
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567.  Cylindrical  Aroh.  This  is  the  raoet  tuuil  and 
the  simplest  form  of  arch.  The  Boffit  consiBta  of  a  jwrtior 
ol  a  cylindrical  surfare.  When  the  section  of  the  cylin- 
der perpendicular  to  the  axis  of  the  arch,  tinned  a  riffhi 
9ectiany  cuts  from  tlic  surface  a  semicircle,  the  arch  is  termed 
(h  JvU  ceiUre  arclt ;  when  the  Rectioii  is  an  arc  lc«s  than  a 
semicircle,  it  is  termed  a  <«^/irnfa/  arch  ^  when  the  Bection 
gives  n  Bcini-cllii«*,  it  is  tenned  an  eUiMzcal  arch  ;  when  the 
Bection  gives  a  curve  resembling  a  Bemi-ellipee,  formed  of  arcs 
of  circles  tangent  to  each  other,  the  arch  is  tenncd  an  ov<Uj 
(Fig.  115,  or  oatket  kandU)^  ana  ia  called  a  carve  c^  thrM^ 
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fim,  atven,  etc.,  oentree.  Tn  order  to  make  the  cnn-e  horizon- 
tal at  Hie  crown  and  Bymmetrical  in  reference  to  a  vertical 
line  through  tlio  centre,  there  must  be  an  odd  number  of  area. 
When  the  intradoe  ia  comprised  of  tvrti  arcs  meeting  at  the 
highert  point  of  the  corre,  it  is  called  a  ^fointedj  (Fig.  116,) 
or  an  oblu»e  or  «urba*ed  arch,  (Fig.  117.) 
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068.  Oblique  Arches.  If  the  obliquity  of  the  arch  !■ 
Bmall,  it  may  be  oonstmeted  like  Uio  right  arch,  but  when  th« 
obliquity  is  considerable,  or  in  other  words  wlieu  the  aiiglo 
Iwtwecn  the  axis  and  face  is  considerably  less  or  greater  than 
90  degrees,  the  preseure  upon  the  voueeoira  near  the  end  of  the 
sprin^ng  lines  would  he  very  oblique  to  the  beds,  and  at  the 
acute  angles  would  tend  U*  force  the  voussoirs  out  of  place  if 
the  conreing  joints  are  made  parallel  to  the  axis.  To  obviate 
this  defect  the  coursing  joints  arc  inclined  to  the  cylindrical 
elements,  as  will  now  be  explained. 

An  ideal  mode  of  determining  the  conrsing  joiiitR  is  to 
conceive  the  arch  to  be  intereccted  by  an  indefinite  number 
of  vertical  planes  parallel  to  the  face,  thus  making  an  indefi- 
nite niinibor  of  curves  like  tlie  end  ones.  Theu  be^iu  at  any 
point,  as  d.  Fig.  118,  and  pass  a  line  along  the  sofiit  so  aa  to 
cut  all  the  former  carves  at  right  angles,  and  we  have  an 
ideal  coursing  joint.  The  line  d  e,  Fig.  118,  represents  such 
a  line.  Other  similar  curves  are  also  shown.  The  equation 
of  these  when  developed  is  lo<rarithinic.  They  are  all  asymp- 
totes to  the  springing  line.  The  ]dan  of  Uiefio  curves  is  shown 
in  Fig.  119.  A  suitable  number  of  vertical  intersections  mar 
be  selected  for  determining  tlie  ring-joints,  portions  of  whicn 
only  are  lised,  as  ft  a,  Fig.  118,  and  J',  a',  Fig.  119. 
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Tlile  node  of  determiniBg  th«  coureinf;  joints  u  Tcry  ob- 
jectionable in  practice,  because  the  vonesoire  must  waistaiitlv 
varv  in  width  as  we  psM  from  one  end  to  the  otbar  ;  and  aa 
the  bed-sarfacee  are  warped,  it  ninkeg  it  exceedingly  difficult 
to  make  tlie  Tonaeoire  of  pmjjer  shape. 

1'ho  merliod  of  making  the  conreing  joints  nearly  or  qnite 
uamUel  to  each  other,  Bometime^  called  tlie  EuglisL  method, 
18  more  eimple,  and  gives  as  good  rosolts  as  u\o  preceding 
method. 
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Fig.  191  is  the  elevation  of  such  an  oblique  arch,  and  Fig. 
120  is  the  plan.  Tlio  svstem  hero  ehomi  is  Botnotiines  called 
"  Buck's  BysteiTi."  In  order  to  «)nfttruct  this  Bvetem 
graphically,  we  conceive  that  the  aoffit  is  develuiMMl,  or 
rolled  out  about  tlie  springing  line  a  c.     Lot  mj"  bo  a  righl 
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■evtton  (which  Is  here  supposed  to  be  circular).  Ck)iiceive 
that  it  is  revol^'cd  down  to  coincide  with  the  horizontHl  plane, 
and  that  the  circii inference  is  divided  into  a  convenient  mini 
her  of  eqii»l  narL«,  and  through  the  points  of  dinaion  conceive 
that  L-yhndncal  eleuieut»  are  drawn,  as  shown  in  the  plan. 
In  the  ddvelonmont  the  drcuinferenco  of  the  Beinicirele  will 
become  the  hnefb^  and  the  cylindiical  etemonta  will  be,  va 
shown,  parallel  to  t)ie  springing  Hue  ao.  From  tlio  points 
wht;re  the  horizontal  pn>jections  of  the  c^ylindricid  elemonts 
intersect  the  face  aX:,di-aw  linefi  parallel  toy&,  and  note  their 
interseetiona  with  the  developed  position  of  the  cylindrical 
elements,  and  the  curve  adb  thi-ongh  tlieee  points  will  be  the 
development  of  tlio  intradoa  of  oblique  section.  In  a  similar 
wav  find  o  A. 

Join  ah  with  a  eti'aight  line,  and  divide  it  into  as  luanjr 
equal  parts  as  there  ore  to  be  voussoirs  in  tlie  fa(X'.  In  the 
figure  there  are  eight  such  parts.  When  there  is  an  even 
number  there  will  l>e  a  joint  at  the  crown,  but  when  an  odd 
number  there  will  be  the  appearance  of  a  koj^'stono  at  the 
crown.  From  c  at  the  end  of  the  springine-line  ac 
draw  a  perpendicular  cdto  the  line  a  b,  and  ii  it  passes 
through  oue  of  the  diviisions  previously  determined  on  a  b,  we 
proceed  with  the  oonstniction  ;  but  ii  it  does  not,  we  make 
such  a  change  in  the  data  as  will  make  it  perpendlcmlar. 
This  may  be  doue  in  several  ways.  We  may  erect  a  perpen- 
dicular to  ab  from  the  joint  which  is  nearest  the  foot  of  tlie 
perpendicular  previously  drawn,  and  note  where  it  inter- 
sects the  springmg-line,  and  change  the  length  of  the  arch  so 
that  it  will  pass  through  that  puiut-  Or  we  may  cliange  the 
obliquity  of  the  arch,  or  change  the  number  ol  divisions  of 
the  line  ab.  If  the  iooi  of  tiie  perpendicular  should  fall  near 
adivitjiuu,  the  line  may  be  changed  so  as  to  pa&d  tliruiu^h  the 
point  and  leave  it  Bliglitly  out  of  a  perpendicular.  We  might 
also  disregard  the  t:ondition  that  the  perpendicular  rfc  ehould 
pass  through  the  end  of  the  springing-Une  a  c;  but  this  is  ob- 
jectionable, because  the  opposite  sides  of  the  arch  would  then 
not  be  alike. 

Having  fixed  the  position  of  etl^  we  proceed  to  draw  lines 
through  the  several  points  of  division  of  a  &,  parallel  to  c  d.  It 
shoulu  be  observed  that  poiutB  through  which  these  parallel 
lines  arc  drawn  are  on  the  straight  line  adb^  and  not  on  the 
(-un'ed  line  a  1,  2,  etc.  The  parallel  lines  thus  drawn  arc  the 
co'irtriru/jinnU.  Thudevelopunmt  of  the  rinujomfn/n^Gin-.^ 
are  perpendicular  to  the  developed  coursing  joints,  and  houce 
will  bo  n>nnal  to  each  other  in  their  true  position  in  ttie 
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arcli ;  and  benco  it  is  evident  that  the  inti'ados  in  oblique 
aetition  a  b  will  not  be  perpendicular  to  tli6  uoiiraing  j<HutR. 
And  since  the  projection  of  the  face  is  a  straight  line,  a&,  tt 
is  ovidoiit  that  tne  horizontal  projoction  of  a  ring  joint  will  bo 
a  mirved  line  fk,  the  position  or  which  niay  be  deteniiined 
by  roven*ing  tlie  proceaa  by  which  a  1  3  A  wae  found.  The 
burizoutul  prcjcction  of  the  oouniug  jotnU  will  also  be  curved 
lines. 

This  construction  eridently  inake«  tlie  divisions  a  1-12-23, 
etc.,  OQ  the  curved  line  adb^  unequal.  The  space  a  1  on 
the  devclopmunl  is  laid  off  on  the  arc  iu  the  elevation  from  a. 
Tlie  space  1-2  is  next  laid  off,  and  so  on.  I3y  develonine^  the 
exti-ados  and  determiiiijig  the  points  of  division  on  the  oack 
of  the  arch,  we  inav  conatruct  the  radial  lines  in  the  face  of 
the  arch.  These  lines  are  slightly  curved  in  the  arch,  but  it 
is  fonnd,  by  wmatructing  the  arch  on  a  largo  scale,  that  the 
chords  of  tlic  arcs  o  p,  etc.,  all  pass  thivugh  a  common  point 
C.  The  coursing  ionitfl  and  ring  joints  in  tlio  elevation  are 
easily  determuiea  irom  the  plan. 

The  bed -surfaces  of  the  vouasoirs  may  be  generated  by'oon- 
ceiving  a  radial  line  to  pass  thnxieli  one  comer  of  them 
(which  wilt  l>e  nm-inal  to  the  aoHit)  and  moved  along  on  a 
coursing  joint,  keeping  it  constantly  nonnal  to  the  soffit. 
This  lino  will  gciiorato  a  tnio  hclicuidal  surface.  The  end 
Burfiicee  of  the  vontf*oirB  arc  goncrnlcd  in  a  similar  way  by 
moving  a  radial  line  along  a  rin^  joint,  and  hence  these  sur- 
faces are  also  hcUcoidal.  The  lengths  of  the  end  voussoirs, 
measured  on  the  back  of  the  arch  next  ti>  the  oblique  anglea, 
will  be  shorter  than  tluisu  noxl  to  the  acute  angles,  while  all 
those  in  the  body  of  the  arch  will  be  like  each  other. 

Mr.  Hart,  an  Knglish  author,  pnjpised  a  method  which 
differed  fnnn  the  one  above  expluiin-d  in  the  following  par- 
ticulars :  The  spaces  in  the  curved  line  adb  were  made  ecpial 
to  each  other ;  the  coursing  joints  were  straight,  and  passed 
through  the  points  of  division  at  the  npp(«ito  ends  of  the  arch 
in  the  developed  intrados ;  hence,  the  courting  joints  in  this 
svstem  are  not  parallel  to  each  other.  Another  distinction  is, 
the  ring  joints  and  end-faces  of  all  the  vou*!s<iii-8  are  panillel 
to  the  end  of  the  arch,  and  hence  tlie  end-W-es  arc  plane. 
This  mi^irht  simplify  the  construction,  but  it  does  not  ut^e  tho 
nnUerial  fn>ni  whicli  the  voussoira  are  cut  as  ec<momicnlly  as 
the  preceding  eystoni.  In  tins  system  the  bod-surfaces  are 
helicoidal,as  m  the  j^recediiig  system.  The  preceding  system 
seems  to  bo  thoroughly  scieniillc  aiid  quite  as  easily  executed 
■a  the  Utter,  or  of  auy  othor  couceivablo  8^*61601  in  which  the 
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joints  are  epiral.  In  practice,  tftnpUU  and  levels  are  rrade,  in 
order  to  guide  the  workmen  in  making  the  angles  and  surfaces 
of  the  voussuirs. 

569.  Arohed  Brldgres.  C^-lindricnl  arches  with  anv  of  the 
iifinal  forms  of  eorve  of  intradoe  may  he  used  for  bridges. 
The  selection  will  be  restricted  bv  the  width  of  the  Itay,  the 
htrf»c«t  wuter-lcvel  diiriTi^  freehetfl,  the  approaches  to  the 
bndge,  and  the  archite<itiiral  effect  which  may  bo  ]»roduccd 
by  the  stnictiii-e,  as  it  is  niore  or  leps  exjKitted  to  view  at  tlie 
intermediate  stages  between  high  and  low  water. 

Oval  and  ftegment  arches  are  imisily  preferred  to  the  foil 
centre  arch,  particniarly  for  medium  and  wide  bays,  for  the 
reafioiis  tJiat,  tor  the  same  level  of  roadway,  they  afford  a  mora 
ample  water-way  nnder  them,  and  their  heads  and  spaiidrela 
oifer  a  smaller  Mirfaoe  to  the  pressure  of  the  water  during 
fresliets  than  tlie  full  centre  arch  uudcr  like  circumatances. 

Tlie  Icvol  of  the  springhig  Hiich  will  depend  np<:)ii  the  rise 
of  the  arches,  and  the  height  of  their  crowns  above  the  water- 
level  of  the  highest  freshets.  The  croi,vn  of  the  arche«  should 
not,  as  a  general  rulo,  be  less  than  three  feet  above  the  high* 
est  known  water-level,  in  order  that  a  passagf^-way  may  be 
left  for  floating  bodies  descending  during  freshets-  Iteiween 
this,  the  lowest  position  of  the  crown,  and  any  other,  i)ie  rise 
Bhould  be  so  ehiieen  that  the  ajipronclies.  on  the  one  hand, 
may  not  bo  unnecesaarily  raised,  nor,  i»n  the  other,  the  spring- 
ing lines  be  placed  so  low  as  to  mar  the  architectural  effect 
of  the  Btrticturc  during  tlie  ordinary  stages  of  tlic  water. 

When  the  arches  arc  of  tlie  same  sixe,  the  axis  of  the  road< 
way  and  tlie  principal  architectural  Hues  whii^h  run  lengthwise 
along  the  heads  of^the  bridge,  as  the  top  of  tiie  parai>et,  the 
coniicu,  etc.,  etc.,  will  be  horiwuital,  and  the  bridge,  to  use  a 
common  expression,  be  on  a  dead  level  throughout.  This  lias 
for  some  time  been  a  favorite  fcatm-e  in  bridge  architecture, 
few  of  the  more  recent  and  celebrated  bridges  being  without 
it,  as  it  is  thought  to  give  a  character  of  liglitness  and  bold* 
nees  to  the  structure. 

510.  Centres.  Before  an  arch  is  constructed  a  strong  sup- 
port or  framework  is  erected  to  support  (he  arch  until  (he 
work  is  completed.  This  snpport  is  called  the  oeftttvinq  uf 
iAe  arch.  It  must  be  made  etrong,  and  so  as  to  settle  as  little 
as  possible  while  the  niartonry  is  being  erected  ;  and  in  arches 
of  long  span  it  must  be  so  erected  and  6upi>otled  that  it 
may  be  removed  withont  causing  local  or  croes  strains  In 
the  arch.  To  accomplish  this,  the  centering  should  bo  re- 
moved from  the  entire  soffit  at  the  eame  time.  It  is  espe* 
19 
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ciallv  detrimentAl  to  relieve  one  eide  wliilst  the  other  sk 
fimilv  supported. 

S7i.  Means  used  for  striking  Centres.  When  the  &ich  is 
f-ornplctc'd  tlie  centres  arc  dctauhed  from  it,  or  struck.  To 
effect  tliiri  ill  Inr^t^  ccntix-t^  an  iirra.iigeinont  of  wedge  bIoi.ks 
U  nsed,  termed  tlie  JttriAnn^^-p/ateHfOy  means  of  wliich  the 
centre  inHv  be  gradually  lowered  and  separated  from  the 
B<*fl1t  of  tlio  arch.  This  Brrangoiueiit  coiiaista  (Fi^.  125)  m 
formiiiff  Htops  upon  the  upper  surface  of  the  beam  which 
forms  tliu  framed  support  to  receive  a  wedge-ehaped  block, 
ou  which  anotticr  beam,  having  its  under  surface  also  ar- 
ranged with  steps,  rests.  The  struts  of  the  rib  either  abut 
agauist  the  upper  surface  of  the  top  l>eaiii,or  eke  are  inserted 
into  eafltiniii  socketA^  termed  afyie-pUUes^  fastened  to  clii's 
surface.  The  centre  is  struck  by  driving  back  the  wedge 
block. 

572.  Wlien  the  struts  rest  upon  inlennediate  supports  be- 
tween the  nbutuioiita,  double  or  fnlding  wedges  inay  be 
placed  under  tlie  struts,  or  elsu  upon  the  Dack  pieces  of  the 
ribs  undur  each  bolster.  The  latter  arrangement  presents 
the  advaiitAge  of  allowing  any  i>art  of  tlie  centre  to  be  eased 
from  the  somt,  instead  of  detaching  the  whole  at  once  as  in 
Uio  Other  mcthodB  of  striking  wragcs.  This  method  was 
eniplovtx)  for  the  iteutrfw  of  TinKveuor  Bridge  (Fig.  124), 
over  tlie  river  Doe  at  Chester,  and  was  perfectly  sacceftsful 
both  in  allowing  a  grudual  settling  of  the  area  at  various 
pointA,  and  in  the  oporatiiHi  tif  striking. 

573.  A  novel  application  of  sand  to  the  striking  of  centres 
haft  lately  been  made  with  success.  Teasels  containing  the 
sand  are  placed  on  Uie  supports  for  the  centres,  and  are  so 
arranged  near  the  bottom  that  tlie  sand  can  be  allowed  to  nm 
out  sfcwiy  when  the  time  comrs  for  fltriking.  The  centres 
are  place<i  on  these  veeeols  and  keyed  u^i  in  the  usual  way. 
To  lower  them,  the  sand  is  allowed  to  run  out  and  let  the 
centres  gradually  down.  This  method  has  the  advantage  of 
BleadiuuBS  uf  lowuring  each  rib  of  the  contre,  and  uf  not 
allowing  one  to  come  down  more  rapidly  than  the  others. 
After  the  saud  has  all  run  out,  the  ccnti'cs  can  be  taken  down 
in  tho  ordinary  manner. 

574.  For  small  light  arches  (Fig.  122)  the  rilw  may  be 
formed  of  two  or  mure  rhickaesees  of  short  boards,  tirmly 
Uttiled  together;  tho  boards  in  each  coui-eo  abutting  end  to 
end  by  a  joint  in  the  direction  of  the  radius  of  curvature  of 
the  arch,  and  breaking  joints  with  tliose  of  the  other  oourHO. 
'J'he  ribs  are  shaped  to  uie  fonn  of  the  iutrudoe  uf  the  archi 
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to  receive  the  bolsterB,  which  are  of  battens  cut  to  BnitAhle 
len£:tU8  ind  nailed  to  the  ribs. 


FIf.  Itt-IWrManu  lb*  rib  o(  ft  oatn  fof 

tictit  uoli**. 
0.  a,  tik  foratMl  of  plaata. 
K  k.  balMT  plMH  wUcb  Rdrfra  a«  BMM 

17. 


575.  For  heavy  arches  with  wide  spang,  when  firm  int«r- 
mcfliate  pnints  of  support  can  bo  procured  between  the  ahut- 
niciits,  the  hack  pieces  (Fig.  123)  may  be  etipported  by  ehorea 
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placed  nnder  the  blocks  m  the  direction  of  the  radii  of  curva- 
tnre  of  the  anJi,  or  of  inclined  struts  (Fifj.  124)  reeling  on  tlie 

Eoints  (tf  flupport.  The  shores,  or  struts,  arc  prevented  from 
ending  by  braces  snitablj  placed  for  the  pur|»ose. 
If  intermediate  points  of  support  cannot  be  obtained,  a 
broad  framed  snppcirt  nmst  bo  ninde  at  each  abutment  to 
rcct'ive  the  extminitiea  of  the  stmts  tliat  sustain  the  back 
pieces.  Tlie  framed  support  (Fig.  125)  consists  of  a  heavy 
Dcam  laid  cither  horizuutally  or  inclined,  and  is  placed  at  that 
joint  of  tlie  arch  (the  one  whicti  makes  an  angle  of  about 
80°  with  the  horizon)  where  the  rouesoirs,  if  unsupported 
beneath,  would  slide  on  their  beds.  This  beam  is  borne  by 
shores,  which  find  firm  points  nf  support  on  the  foundation! 
of  the  abntment- 

The  back  pieces  of  the  centre  (Fir:.  125)  may  be  supported 
by  inclined  struts,  which  rest  innncdiiitely  upon  the  fiamed 
iuppc>rt.,  one  of  the  two  struts  under  eacli  block  resting  upon 
on«  of  the  framed  supports,  the  other  on  the  one  ou  the  oppo- 
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rite  Bide,  the  two  struts  being  bo  pUcc<J  as  to  make  eqna] 
angles  witli  tho  i-adinHof  niirvahirc  [>f  the  an;li  drawn  through 
tiio  middle  p<jiiit  of  the  hhmk.  Bridle  pieces,  placed  in  the 
direction  of  the  radina  of  curvature,  embrace  the  bloek»  and 
Btnits  in  tlie  usual,  manner,  and  prevent  the  latter  from  sag- 
ging. This  combination  pnsentfl  a  figure  of  invariahle  form, 
as  the  strain  at  any  one  point  is  received  b,v  the  struts  and 
transmitted  directly  to  the  fixed  points  of  support.  It  has 
the  disadvantage  of  requiring  beams  of  great  length  when  the 
span  of  the  arch  is  considerable,  and  or  presenting  frequent 
oroesiii^  <>f  tlie  struts  where  notcThes  will  be  requisite,  and  the 
Btrenglh  of  the  beams  thereby  dimiiii«lied. 

The  centre  of  Waterloo  Bridge,  over  the  Thames  (Fig.  125), 
was  framed  on  this  principle.  To  avoid  the  inconveniencea 
resulting  from  the  crossing  of  the  stmts,  and  of  building 
beams  of  sufHcient  length  where  the  stmts  coutd  not  be  pro* 
cured  from  a  single  beam,  tlie  device  was  adopted  of  receiv- 
ing the  ends  of  several  strnte  at  the  points  of  crueeing  into 
alarge  cast-iron  socket  suspended  by  a  bridle  piece 

SIB.  When  the  prc<;eding<'ombination  rannot  be  employed, 
a  strtmg  truss  (Fig.  12fl),  coiifliHting  of  two  inclined  Btnits, 
resting  u[)on  the  framed  supports,  and  abutting  at  top  against 
a  straining  beam,  may  be  formed  to  receive  the  ends  of  Bom« 
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fifc  m— B«prMMiU  m  put  a<  k  rib  «l  WMwloo  BrMg*  «««t  Um  TIuuiim. 
CO,  b;  Uvm  hwnr  bMow,  ftmlsg  tha  tfrtUiv  ftlotM,  whtdh  irttb  tb«  ■ban*  A,  A,  fcrai  tbt. 
miiMdMippart  lortluiCnitiotUMenurB.  j 

ie,  nr»t>  kbuuiaa  acaJsat  Uia  bkvka  pi,  <r  placwJ  niidir  tb«  fotnto  of  tbe  t«ak  pImm/,  /• 
<^btiill4i«tBiUaI|iiMMtap»lnwUgti«t*oottaiMlMtoi]  ud  Iwuuai  tntwMa  Iba  boifc 
MMlal  ti«  n,  N  j«  Um  Hbs  alM  tai  p*ln. 
1^  A  «Me>lnia  aMilMa. 
«,  M,  U<»»«o  of  Uw  ontn  nKtac  do  tfa«  baek  piooM  /. 


Pic.  Itfl— Hwpi  imi  irtu  ■  (tmm 
Tor  >  rib  lu  whicb  tb*  C«« 
l&dlnal  i«nrta  b,  ft  u>d  th* 
vminlngbMSMc  fecia  tn- 
trnwdUU  mcppDm  fat 
KKBoof  UivrtntodwlR^  ' 
m  am  tm/Okpitoma.  a. 

0  aaA  d  •!«  Ill*  b«flMd  «>• 
Utmmwwottt 


of  the  stmtfi  which  support  the  back  pieces.  This  combina- 
tion, Hiid  nil  uf  a  like  cimra<;ter,  require  that  the  arch  should 
not  bo  constructed  mora  rapidly  on  one  side  of  the  centre 
than  on  the  otlter,  as  anv  ineqnality  of  strain  on  tlie  two 
halves  of  the  centre  would  have  a  tcndoacy  to  change  the 
dupe  of  the  frame,  tlinuting  it  in  theducction  of  the  greater 
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5T7.  Style  of  Arehltecture.  The  design  w  d  coii»trnrti  n 
Ot  a  hiiiJ^c  nlmuld  We  jp-vcnied  by  the  lUimc  generui  i>riii;i« 
plee  u  linv  other  architeetumi  cunipwitioD.  As  the  ubje<;t  of 
a  bridgv  is  to  hvnr  lieavy  hmtU,  and  to  witltHtiunl  tlii?  i-fffctf 
of  one  of  titc  most  doHtriictive  agents  with  which  tho  ongiuoor 
bfts  to  »>titend,  thu  general  character  of  itii  archtlecture 
should  he  that  of  strun^lh.  It  eliouM  not  only  he  hcciin.\  but 
to  \he  a[>|)rp)iPiiBion  a|ij>ear  so.  It  should  be  cqnnlly  removed 
from  Kirvptiiin  miL-Mivenes^  and  Corinthian  li^jhtnuss;  wliile, 
at  the  same  time,  it  should  eonfonn  Ui  the  ftnidncs  uf  the 
eiirrotiiidinghH-aliry,  being  inura  ontate  and  tuux-fnllv  wnuigbt 
in  ita  miuor  details  iii  a  citj,  and  near  buildings  ol  a  ttuuip- 
tuous  style,  than  in  more  obscure  quarters ;  uiid  nssuuiing 
every  ehade  of  conformity,  from  that  whit^h  wonld  be  isx 
keeping  with  the  humblest  hamlet  and  tanie»t  landscape  to 
the  buTdwt  featuree  presented  by  Nature  and  Art,  Sim- 
plicity and  strength  are  itA  natural  charactcrisii<:s  ;  all  unia- 
inent  of  detail  Wing  rejected  which  is  not  of  obvious  utiHty, 
and  suititble  to  t))e  puintuf  view  from  which  it  iiitist  be  seen ; 
as  well  as  nil  atttMnpta  at  boldiicse  of  general  design  which 
mi^ht  s'tvo  riee  to  a  feeling  of  insecurity,  however  tinfoniided 
in  reality.  The  heads  of  the  bridge,  the  cornice,  aud  the 
MTAjM^  ehonld  generally  present  an  unbroken  outline;  this, 
Lowever,  may  be  departed  from  in  bridges  where  it  is  desira- 
ble to  placQ  rcuet^es  for  scmta,  so  as  not  to  interfere  with  the 
footpatlis;  ill  wliii'h  eai^o  a  plain  buttreM  may  be  built  above 
each  Alar1tn<;  to  ttup{>r)rt  the  recess  and  its  seats,  the  utility  <d 
which  will  be  obvi(.nfi,  while  it  will  rive  an  appearanoe  of 
ad<liii<)ua]  btrenn;th  wIil-u  the  height  oi  Uie  parapet  above  the 
elarliiigR  h  a1  ull  i^ineiderablc. 

578.  Gonstruotion.  The  methods  of  layine  the  fonnda* 
tions  of  structures  of  stone,  ^c.,  described  under  the  article 
of  Mns'fnry,  are  alike  applicable  to  all  stnielurcs  which  como 
imder  this  dcnoniinatiou. 

570.  Various  exjieillcnts  have  lieeii  tried  to  seeure  the  bed 
of  the  natural  waterway  around  ainl  between  the  piers; 
amon^;  the  nui^t  siniplo  and  et^cacious  of  which  is  that  oi 
covenng  the  surface  to  be  protected  by  a  bod  of  stone  bixiken 
into  fraffinentb  of  suflkiont  Liilk  tu  resist  the  velocity  of  the 
eurretit  ni  the  have,  if  thu  soil  ia  of  an  ordinary  clayey  mud; 
but,  Lf  it  be  of  loose  sand  or  gravel,  the  surface  should  be 
liist  ciivered  by  a  bed  of  tonattiuus  clay  before  the  stone  be 
tJirown  in.  The  voids  between  the  bloelcs  of  8lonu,  in  time, 
become  fiUctl  ^vith  a  deposit  of  mud,  which,  acting  as  • 
oementj  gives  to  the  niaas  a  character  of  great  durability. 
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580.  The  frinudatinn  conrepsot  the  iiiere  Bhonid  be  fortnco 
of  lieavy  blocks  of  cut  Btoiie  bonded  in  the  moet  careful 
manner,  and  carried  up  in  effects.  The  fftces  of  the  pk'i-s 
Bhould  be  of  cut  fitoiw  well  bonded.  Thej  may  bo  bnilt 
oilher  vertically,  or  witJi  a  sli^dit  batter.  Th'eir  thickiiew  at 
the  irapnet  should  l>c  greater  than  what  would  be  deemed 
sufHcient  under  ordinary  circumstances  ;  aa  they  are  expoeod 
to  the  destnictivo  action  of  the  current,  and  of  shocks  from 
heavy  fluad rig  bodies;  and  from  the  loae  of  wei^'bl  of  the 
parte  immei-Bcd,  owing  to  ibo  buoyant  effort  of  the  water, 
their  reetetance  is  det^rcaeed.  The  most  Bnceefi&ful  bridge 
architects  have  adopted  the  practice  of  making  the  thickness 
of  the  piore  at  the  impost  between  one  sixth  and  one  ei^;hlh 
of  the  span  of  the  arc-ii.  The  tliieknces  of  the  piereof  the 
bridge  of  Keuilly,  near  Paris,  built  by  the  celebrated  Pernjnct, 
whoee  works  fonn  an  epoch  in  modern  bridge  arcliitecture.  is 
only  one  ninth  of  tltc  span,  ite  arches  also  bejng  remarkable 
for  the  boldness  of  their  cmvc. 

&81.  The  usual  pnictice  is  t<i  give  to  all  the  piers  tlie  same 
proportional  thickiicss.  It  has,  aowevcr,  been  rer/immended 
by  some  engineers  to  give  siifKcient  thickness  to  u  fuw  of  the 
piers  to  resist  tlie  horizontal  thrust  of  the  arches  ou  either  side 
of  ihetn,  and  thus  secure  a  part  of  tlic  structure  from  ruin, 
shuuld  an  accident  Itappen  to  any  of  the  other  piers.  The£« 
raaeses,  to  which  the  name  abutment  piers  has  been  applied, 
would  be  objectionable  from  the  diminution  of  the  natural 
vater-war  that  would  be  caused  by  their  bulk,  and  from  the 
additional  cost  for  their  construction,  besides  impairing  the 
architeetuml  effect  of  tlie  strudure.  They  present  the 
advantage,  in  addition  to  their  main  ohjcc^t,  of  permitting  the 
bridge  to  be  constructt^  by  sections,  and  thus  procui-e  an 
ecoiiomv  in  the  cost  of  the  wooden  centres  for  the  arches. 

S8£K.  The  projection  of  the  fitariiuKS  beyond  the  heads  of 
the  bridge,  their  form,  and  the  height  given  to  them  above 
tlie  springing  lines,  will  depend  upon  local  circumstauces. 
As  the  main  objecta  of  the  starlings  are  to  fonn  a  fender  or 
mtaird  to  secure  the  masonry  of  the  spandrels,  £o.,  from 
being  damaged  by  floating  bodies,  and  to  serve  as  a  cut-water 
fc>  tiini  the  current  aside,  and  prevent  tlie  forinatiuii  of  whirls, 
and  their  action  on  the  bed  around  the  fuundations,  the  fonn 
given  to  them  should  subserve  both  these  purposes.  Of  the 
different  forms  of  bori/^'Utal  section  wbicli  have  beeu  given 
to  starlings  (Figs.  127, 12«,  139,  ISO),  the  8enii-cllii>60,  from 
experimentfi  carefully  made,  with  these  ends  in  view,  appeari 
best  to  satisfy  both  objects. 
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Id  Bti/>arns  subject  tufrcebets  aitd  ice.  the  iip-8trrAni  stan 
lings  should  receive  a  greater  projection  than  those  down 
Btn-ani,  and,  moreover,  be  built  in  the  form  of  au  inclined 
ptaiie  (Fig.  135)  to  facilitate  the  breaking  of  tlie  ice,  and  ita 
passage  through  the  arches. 
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583,  Where  the  banks  of  a  water-cnnrw  apanned  by  a 
bridge  are  &o  gtcop  and  difficult  of  accefift  that  the  roadway 
mu9t  be  mised  to  tlie  same  level  with  their  crests,  iiecurity 
for  the  funndation,  and  economy  in  the  constnictinn  demand 
that  Kolloio  or  cj^tm  piers  be  need  instead  of  a  ^tid  mass  of 
maeonry.  A  conatniction  of  this  kind  requires  great  pre- 
caution. The  facing  couiw^s  of  tlie  piers  must  be  of  heavy 
blockfi  dres&ed  with  extreme  acairacy.  The  starlings  must 
be  built  polid.  The  faces  must  be  eoiinefited  by  one  (tr  more 
e.ro6H  tie-walls  of  heavy,  well-bonded  blocks  ;  the  tie-walls  bo- 
ing  connected  from  distance  to  distance  vertically  by  Btn>ng 
tie-blocks;  or,  if  the  width  of  tlio  pier  be  oousiderable,  by  a 
lie-wall  along  its  centre  line. 

584.  The  f"U]idatiuns,  the  dimensione,  and  the  form  of  the 
abutnient«of  a  brid::o  will  he  regnlated  npon  the  §ame  princi- 
ples fia  the  like  parts  of  other  arched  structures  ;  a  jnuicious 
conformity  to  the  character  of  strength  demanded  by  tlio 
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dtmrtope,  and  to  the  reunirenietits  of  the  IccaHtv.  beiiiK  oh- 
fturvea.  Tue  whiIs  wniuii  at  ttic  cxtreinitiud  ui  the  ondjn 
form  the  continuatiua  of  the  beads,  and  Bnstain  the  enib&itK- 
moiitfi  of  the  approaches, — and  which,  from  their  widening 
out  from  tlie  eeneral  line  uf  the  heads,  bo  as  to  form  agmdiio) 
contractiou  of  the  avenue  bj  which  the  bridge  is  approached. 
are  termed  tlie  wtn^tW/*,^ — serve  as  firm  butti-eescft  tti  tlio 
abntmenta.  In  some  cases  the  back  of  the  abutment  is  ter- 
minated by  a  cyliudrical  arch  (Fig.  136)  placed  on  end,  or 
having  its  right-liue  elements  vortical,  which  oonueots  the 
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two  wing-waUs,  In  others  (Fig.  137)  a  rcctaugular-ahaped 
buttrc«s  is  built  back  from  the  centre  line  of  the  abutment, 
and  is  connected  with  the  wing-walls  either  by  horizontal 
arclics,  or  by  a  vertical  cross  tie-wall. 

585.  The  wing-walla  may  be  either  plane  surface  walls 
(Fig.  13S)  arranged  to  make  a  ^ven  angle  with  the  headi^  of 
tlie  bridge,  or  they  may  be  curved  surface-walls  presenting 
tlieir  concavity  (Fig.  145)  or  their  ccmvexity  to  the  exterior ; 
or  of  any  other  shape,  whether  presenting  a  continuous  or  a 
broken  surface,  that  the  U^cality  may  demand. 

58u.  The  aroltes  of  bridges  demand  great  caw  in  propor 
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liouiiiff  tlio  diiiiensiona  of  the  Toussoirs,  and  procuriiuf  acca- 
rncy  in  tiioir  forms,  aa  tliR  sircnj^lli  of  tlio  Btnieturc,  and  the 
permanence  of  its  figure,  will  tlyiend  chiedy  upon  the  atten- 
tion bestowed  ou  those  points.  Peculiar  care  should  be  pven 
in  arranging  the  iita»uiirv  above  the  j>ior8  whiuh  lies  between 
the  two  adjutant  amhos.  In  »»ne  uftUc  more  rerent  bridgea, 
(Fig.  131>,)  this  part  ia  built  up  n:)lid  but  a  short  diatanoe 
above  the  iinpoBta,  generally  not  liipher  than  a  fourtli  of  tlie 
riBft,  and  ia  hnishe*!  witli  a  rvvei-^ed  areh  to  give  greater  se- 
curity against  tlie  eflfocts  of  the  pressure  thrown  U]x>n  it. 

Tbc  backB  of  tlio  arclies  should  be  covered  with  a  water- 
tight carping  of  boton,  and  a  coating  of  asphaltum. 

587.  1  ne  entire  spandrel  oonrsesof  the  headR  are  nsnally 
not  laid  until  the  ardies  have  been  nnccntred,  and  have  eet- 
tled,  in  order  that  tliu  jninta  of  theno  (Viureos  may  not  be  sub 
ject  to  any  other  c-ansc  of  displacement  than  what  may  arise 
from  the  tffccta  of  variations  of  temperature  upon  the  arches. 
Tlie  thickness  of  the  liead-walls  will  dcpeiid  n[Hm  the 
nietluKl  adopted  for  BtipiKirting  the  rnmlway.  If  this  bo  by  a 
tilling  of  earth  between  the  head-walls,  then  their  thickneta 
must  be  calculated  iiot  only  to  resist  the  proi^snro  of  the  earth 
which  they  soatiuii,  but  sllowanco  muKt  also  be  made  Co-  the 
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■nd  main  arches.  'NVhen  either  of  the^o  methods  is  used,  tlio 
head-walls  mav  receive  a  mean  thickness  of  one  fifth  of  their 
height  above  the  w.lid  spandrel. 

588.  Superstructure.  Thcsuiwrstnictureof  a  bridge  oou- 
sisls  of  a  cornice,  the  roadway  ana  footpaths,  &e.,  and  a  par- 
apet. 

T)\e  object  of  the  cornice  is  to  shelter  the  face  of  the  head- 
walla  from  min.  To  subserve  thin  pnruose,  its  projecfioii  be- 
yond the  Burface  to  be  tOieltered  shonla  be  the  jpvater  as  the 
altitude  of  the  sheltered  part  is  the  more  considerable.  This 
nile  will  require  a  cornice  with  snpportiuj; blocks, (Fig.  143,) 
termed  moaiUwns,  below  it,  whenever  the  pn^jeeting  jwrt 
would  be  actually,  or  might  Miera,  iniwcure  fn>ni  its  weight. 
The  height  of  the  cornice,  including  its  supports,  shonld  gen- 
erally he  equal  to  its  projections ;  thi*  will  often  require  more 
nr  less  of  detail  in  the  profile  of  the  comico,  in  order  that  it 
may  not  appear  heavy.  The  top  surface  of  the  cornice  should 
he  a  little  above  tliat  of  the  footpatli,  or  roadway,  and  be 
slightly  sloped  outward  ;  the  hoflom  should  be  arranged  with 
a  suitable  larmier,  or  drip^  to  prevent  the  warer  fmin  finding 
a  passage  along  its  under  surface  to  tJio  face  of  rhe  wall. 

589,  The  parnpct  surmounts  the  comice,and  should  be  hi^ 
enough  to  secure  vehicles  and  foot-passengers  from  ai^uidcuifl, 
without  however  inten^pting  the  view  from  the  bridge.  The 
parajxst  is  usiiallv  a  plain  low  wall  of  cut  stone,  surmouuled 
by  a  c«'>i>ing  sliglilly  rounded  ou  its  t<ip  sui-faco.  In  bridges 
which  have  a  character  of  lightne^,  like  those  with  fiat  so^ 
tncnt  arciies,  the  parapet  may  i^wsist  of  alternate  panels  ol 
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for  the  facing,  with  good  rubble  or  brick  for  the  fillings  and 
backiii{:^.  In  a  mixed  masonrv  of  thia  character  tho  courses 
of  dressed  stone  may  project  slightly  beyond  the  Burfacea  of 
the  reet  of  the  structnre.  Tho  architectural  effect  of  thia 
arrangement  is  in  eome  degree  pluat*iug,  particularly  when 
the  juinta  are  cliainfcred  ;  and  tlie  inotliod  is  obviously  useful 
iu  structnrcB  of  this  kind,  as  protection  is  afforded  by  it  to  the 
enrfaces  which,  from  the  nature  of  the  material,  or  the  char- 
acter of  the  work,  offer  tlie  least  resistance  to  tlie  deslnictive 
action  of  fli.mttng'  bodies  Hydraulic  mortar  should  alone  be 
used  in  every  part  of  the  masuury  of  bridges. 


N 


•r^^y.^y^ 


Ft(.  1*1  ■BflTMtoi  U  and  dImb  N,  abowtdf  Um  nuiner  U  ^xmt^ng  Uie  enrtMnlBiwnia  ot 

on  simniaiih*^  wlun  tha  h— J-w»a«  rf  <h>  bfWf  «w  JiiitJy  pwtoiigwl. 
m,  a*,  mat  riopa  e4  amliMihisatM, 
k,  ¥,^tj  Worn  tectnf  of  th«nil)«iknMal  W)uf«  ttaatid  hfouidad  eri^  (brmlng •  qnartcr  a<  • 

/.  }*,  fllntit  at  iCfpa  for  ttKA'iaWMMrvi  bi  aaomd  tba  mbuikmmt. 

c  ^  MotMBk^mu  afisiifnt  M  kiittVB,  knt  Mmpir  KAOtA, 
m,  d*,  IWtng  of  ixj  MOCB  to*-  Um  dd«  •lopea  of  Um  tMiik>. 
iV  a*,  fkidtBc  of  th«  bMtoD)  «l  th*  wwa. 


581.  Approaches.  The  approaches  should  be  so  made  as 
to  procure  an  casv  and  safe  access  to  the  bridge,  and  not  oh- 
struct  nniiecesflardy  other  ehanneltt  of  communication. 

\Vlien  several  avenues  meet  at  a  bridg'e,  or  wliem  tJie  width 
of  the  roadway  of  a  direct  avenue  is  greater  than  that  of  the 
bridge,  the  approRchea  arc  made  by  gradually  widening  the 
ontlet  from  the  brid^,  until  it  attams  the  re^^uisitc  width, 
hy  means  of  wing- walls  of  any  of  the  osnal  forms  that  may 
90 
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nilt  the  locftlity.  The  form  of  wing-wall  (Fif^.  145)  preaenC- 
ing  a  concavg  surface  outward  is  usual)  v  preferred  when  suited 
til  ihe  Iwality,  \>o\\i  fvr  its  arKhitectunil  effect  and  its  stroiigth. 
^Vllen  made  of  dreeeed  ebme  it  h  of  more  difficttU  construe- 
tiou  aud  more  expensive  tbau  the  plaue  surface  walL 
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502.  Water.winga  To  seenre  Ihc  natural  banVs  near  the 
bridge,  and  the  foundations  of  the  abutmenta  from  the  action 
of  the  current,  a  facing  of  dry  stone  or  of  inawtunr  should  be 
laid  upon  the  slope  of  tho  banks,  which  tOionld  be  properly 
prepared  to  receive  it,  and  the  foot  of  the  facing  must  be  se- 
cured b^-  a  mass  of  lofjee  stone  blocks  spread  over  the  bed 
aruuud  it,  in  addition  to  which  a  lino  of  hqii  are-join  ted  piles 
may  be  previously  driven  along  the  foot.  When  the  face  of 
the  abutment  projects  beyond  the  natural  banks,  an  embank- 
ment faced  with  stoue  should  be  fomwd,  connecting  the  faco 
with  pointa  on  tho  natural  banks  above  and  below  the  bridge. 
By  this  arrancement,  termed  the  waier-win^s,  the  iiaCtiral 
water-way  will  be  gradually  ccmtracted  to  couforiii  to  that 
left  by  the  bi-idgo. 

593.  Enlargement  of  Water-way.  In  the  full  centre  and 
ovul  arc^hctt,  when  ihu  springing  lines  are  placed  low,  ihe 
spandrels  present  a  con»idcrablo  surface  and  ubstnictioii  to 
tlie  current  during  the  higher  stages  of  the  water.  Thia  not 
onlv  endangers  tlie  safety  of  Uie  bridge,  by  the  acuumulatiua 
of  drift-woui  aud  ice  which  it  ucc:ii<iun»,  but,  during  tlioae 
epochs,  gives  a  heavy  aptieai-ikuvu  tu  tlie  structure.  To  rem* 
edy  tlicse  defects  the  soHd  angle,  formed  by  the  heads  and 
the  soflit  oX  the  urch,  may  be  truncated,  the  baae  of  the  cuuei 
form-fiJiapcd  ma&s  taken  away  being  near  the  springing  linec 
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of  tlie  arch,  atd  its  apex  near  the  crown.  The  f«trm  of  tiie 
detached  mcfis  may  be  varioualr  arrang«l.  In  the  bridpe  of 
Ncuilly,  wliicb  is  one  of  the  hret  where  this  expedient  wae 
resorted  to,  the  siirface,  marked  F,  (Figs.  133,  134)  loft  by 
detaching  die  mass  in  qneetton,  h  warped,  and  lies  between 
two  plane  cturw,  the  one  an  arc  of  a  cntrle  n  <i,  traced  on  tlie 
bead  of  the  bridge,  the  other  an  o\-a],  m.  o  oj)y  traced  on  tlie 
soffit  of  the  arch.  This  affords  a  f nnnel-shaiMid  water-way  to 
euch  arch,  and,  during  liigb  water,  givee  a  light  appearance 
to  the  Btruetiiro,  aa  the  vouaaoirs  of  me  head  nng-uouj-se  have 
then  the  Hppe&rance  of  belonging  to  a  flat  segmental  arch. 

604.  General  Remarks.  The  architecture  of  atone  bridgea 
hftB,  within  a  somewhat  recent  puriud,  been  carried  to  a  very 
high  degree  of  perfection,  both  hi  dosign  and  in  mechanical 
execntion.  France,  in  thia  reepect,  has  given  an  example  to 
the  world,  and  has  found  worthy  rivals  in  the  rest  of  Europe, 
and  particularly  in  Qreat  Britwu.  Her  torritury  is  dotted 
over  with  innumerable  fine  monnmente  of  this  character, 
which  attest  her  solicitude  as  well  for  the  public  welfare  ae 
for  the  advanooment  of  the  industrial  and  iil>eral  arts.  For 
her  progreea  in  tbia  branch  of  aicliitecture,  France  is  mainly 
indebted  to  her  Schcwl  and  her  Corps  of  PonU  et  V/uiv^ees; 
iuatitutiuus  which,  from  the  time  of  her  celebrated  engineer 
Pemrmct,  have  supplied  her  with  a  long  line  of  namc«,  alike 
enunent  in  the  sciences  and  arts  which  pertain  to  the  profes- 
sion of  tlte  engineer. 

Eiigluud,  altliough  on  some  points  of  mccJianical  skill  per- 
taining to  the  engineer's  art  the  stiperior  of  France,  holds  tlie 
second  rank  to  her  in  tlie  science  of  her  engineers.  VVithout 
establisluncnts  for  pn:ifet>itional  training  oorresponding  to 
tho«e  of  France,  the  Knglish  engineers,  as  a  l«jdy,  have,  until 
witliiu  a  few  years,  labored  under  tlie  disadvantage  of  ba%ing 
none  of  tliuee  institutions  which,  by  creating  a  common  bond 
of  union,  serve  not  only  to  diffuse  science  tliroughout  tlic 
whole  body,  but  to  raise  merit  to  ita  proper  level,  and  frown 
down  alike,  through  au  enlightened  c*^>Wi  ile  corpt^  the  as- 
snniptions  of  ignorant  proteusiun,  and  the  malevolence  of 
petty  jealousies. 

Ajuong  the  works  of  this  class,  in  this  country,  may  be 
cited  the  railroad  bridge,  called  the  Thomat  Viaduct^  over 
the  Fatapsco,  on  the  line  of  the  Baltimore  and  Washingtou 
railroad,  designed  and  built  by  Mr.  B.  11.  lAtrobe,  tlie  engi- 
neer of  the  road.  This  is  one  of  the  few  existing  bridge 
structures  witii  u  curved  axis.  The  engineer  has  very  hajv 
pily  met  the  double  ditlieulty  before  him,  of  being  obliged 
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to  ndopt  a  curved  axis,  and  of  tho  want  of  workmen  siiffl- 
cicntl^r  uonverftant  with  the  application  of  working  drawiiigi 
of  a  rathor  oomplicatcd  character,  by  placing;  nill  centra 
tylindrittal  arches  njion  pifrs  with  a  tmjjezuiaal  liuKwuital 
flection.  This  Btnicture,  with  the  exception  of  fw>nie  minor 
details  in  rather  questiouuhlc  ta&tc.  as  the  slight  iron  parajwt 
railing,  fur  exuniple,  prtsijiits  nn  ini|iu6iti^  napeet,  and  ditea 
n^eat  credit  to  the  intelligence  and  Hkill  uf  the  engineer  at 
uie  time  of  its  constniction,  but  recently  launched  in  a  new 
career.  Tho  fine  single  arch,  known  as  tho  CarroUon  Via- 
dud;  on  Uie  Baltimore  and  Ohio  railroad.  Lb  also  highly 
creditable  to  the  science  and  ekill  of  the  engineer  and  me> 
chanics  under  whom  it  wa«  raised.  One  of  tho  lar|reat 
bridges  iu  the  United  States,  designed  and  partly  executed 
in  stone,  is  the  Potoma'C  Arjueduct  at  (Jeorgelowii,  where  the 
Chesapeake  and  Ohio  canal  iutereectfl  the  Potomac  river. 
Tlkit)  work,  to  which  a  wixkIou  siiperstruuturo  has  l)Cen  made, 
was  btiilt  under  the  superintendence  of  Captain  Tumbnll  oi 
tho  U-  S.  Topographical  Engineere. 

S05.  Tlie  frmuwiiig  table  cxintains  a  summary  of  tho  prtn 
cipal  details  of  some  of  tho  more  noted  stone  bridges  oi 
Europe: 
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586.  Among  the  recent  French  bridges,  prewjnting  some 
interesting  features  in  their  consiniction,  may  be  cited  thai 
of  SanUUtc  over  the  Bordogne.  The  river  at  this  place  hav- 
uig  a  torrent-like  character,  and  the  bed  being  of  lime-stoue 
rock  with  a  very  uneven  surface,  and  occaaional  deep  tiaaurefl 
filled  with  sand  and  gravel,  the  obstacle  to  using  either  the 
caieeun,  or  the  ordinary  cofifer-daui  for  the  foundations,  wae 
v«ry  great.    The  engineer,  M.  Vicat,  so  well  known  by  bii 
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reeetr^hea  upon  mortar,  etc.,  de^nsod,  to  obviate  these  difficul- 
titrI^,  the  phin  cf  eiicloeiii^  the  area  of  each  pier  by  a  uifTer- 
woik  accurately  fitted  to  the  eniiaee  of  the  bjed.  andi  of  filling 
tliis  with  beton  to  fonu  a  bed  fur  tlie  foundaliou  courees 
This  he  effected,  by  firat  forming  a  framework  of  heavy  tim. 
her,  M>  arranged  Uiat  thick  sliceting-piles  conld  be  driven 
clo^e  to  the  bottom,  between  ite  horizontal  pieces,  and  form  a 
well-jointed  vessel  td  a>rit»in  the  fieini-fliiid  material  for  the 
bed.  After  tfaie  coffer-work  was  placed,  the  liKiee  uind  and 
gravel  was  scooped  from  the  boUom,  tJic  aapcrities  of  the 
surface  levelled,  and  the  fissures  were  voided,  and  refilled 
vith  fragineuta  of  a  soft  stone,  which  it  was  fonnd  conld  be 
more  compactly  settled,  by  ramming,  in  the  fissures,  than  a 
looser  and  rounder  material  like  gravel.  On  this  prepared 
snrface,  the  bed  of  beton,  which  was  from  12  Ut  15  feet  in 
thickness,  woa  gradnally  raised,  by  successive  layers,  to  with- 
in a  fiiw  feet  of  the  low-water  level,  and  tlie  stone  sniK'rslnic- 
tnre  then  laid  upon  it,  by  using  an  ordinary  coffer-dam  that 
rested  on  the  framework  around  the  bed.  In  this  bridge,  as 
in  that  of  Bordeatuc,  a  provisional  trial-weight,  greater  than 
tlie  pennanent  load,  was  laid  upon  tho  bod,  before  com- 
mencing the  superstructure. 

To  give  greater  security  to  foundations,  they  may  be  mr- 
ronnded  with  a  moss  of  loose  stone  blocks  ttirown  in  and 
allowed  to  find  tlieir  own  l>ed.  Where  piles  are  used  and 
project  some  height  ahove  ttie  twltum,  iHisidee  the  l<x)se  stone, 
a  mating  of  heavy  timber,  placed  between  and  enclosing  the 
piling,  may  be  used  to  give  it  greater  stiffneM  and  prevent 
outward  spreading.  In  streams  of  a  torrent  character,  where 
tlie  bed  is  liable  to  be  woni  away,  or  shifted,  an  artificial 
covering,  or  apron  of  stone  laid  in  niortar,  Uha,  in  some  easefi, 
been  naed,  both  under  tbe  arches  and  above  and  below 
the  bridge,  as  far  as  the  bed  scoTucd  to  roqnire  this  protec- 
tion. At  the  bridge  of  Bordeaux  loose  stone  was  spread 
over  the  river-bed  between  the  piers,  and  it  haa  been  found 
to  answer  perfectly  tbe  object  of  the  engineer,  tho  blocks 
having,  in  a  few  ycare,  become  united  into  a  firm  mass  by 
the  clayey  sediment  of  the  river  deposited  in  their  intersticea 
At  the  elegant  cast-iron  bridge,  built  over  the  /^ry,  near 
Plymtjuth,  report  was  h»d  to  a  similar  plan  for  seciu-iiig  tbe 
bed,  which  is  of  shifting  eand.  The  engineer,  Mr.  Rendel, 
here  laid,  in  the  firat  pla(;e,  a  bed  of  compact  clav  upon  the 
eand  bed  between  the  piers,  and  imbedded  in  it  fooso  stone. 
This  mcthtxl,  which  for  its  economy  is  worthy  of  note,  hai 
fully  answered  the  expectations  of  the  engineer. 
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C67.  Abutments.  The  tbtititieiits  and  piere  of  wooden 
bridges  may  bo  oitlier  of  stone  or  of  diubor.  Stone  sup- 
pone  are  preferable  to  tboee  of  timber,  both  on  account  of 
tlio  superior  ilunihiHtv  of  stone,  and  of  it*  offering  more 
iecTiritv  than  frames  of  timber  against  tlie  accidents  to  which 
the  piers  of  bridpoa  are  liable  from  freshets,  ice,  *fec. 

598.  WiMxlen  abutments  may  be  formed  by  conetructing 
what  is  termed  a  crih-work^  which  consists  of  largo  pieces  ox 
e<iuare  timber  laid  horizontally  upon  each  other,  to  form  the 
nprijjlit  or  sloping  faces  of  the  abutment  These  pieces  are 
halved  into  t^ach  i>thor  at  ihe  angles,  and  are  otherwifte  firmly 
connected  together  by  diagonal  ties  and  iron  bolts.  The  space 
encU'M'd  by  tlie  critJ-wurK,  which  is  usually  built  up  in  tlie 
manner  ju^t  described,  unly  on  three  sides,  ie  titled  with  earth 
carefully  rammed,  or  with  dry  stone,  u  drcumstances  may 
aeeni  to  rof^uire. 

A  wooden  abutment  of  a  more  economical  construction 
may  be  made,  by  |>artly  imbedding  lai^  beams  of  timl>er 
placed  in  a  vertical  oraii  inclined  position,  at  intervals  of  a  few 
feet  from  each  other,  and  fonning  a  facing  of  thick  plank  to 
snetain  the  earth  U'bind  the  abutment,  Wnodon  piem  may 
also  be  made  according  to  eitlier  of  the  meth<xl8  here  laid 
down,  and  be  tilled  with  loo&c  stone,  to  give  theiu  sutlicient 
stability  to  resist  the  forces  to  which  they  may  be  ex^wsed  ; 
but  Ihe  method  is  clnnisy,  and  inferior,  nuder  every  point  of 
Tiew,  to  stune  piera,  or  to  tlie  meUiods  wMch  are  about  to  bo 
explained. 

599.  Tlie  simplefit  arrangement  of  a  wooden  pier  consists 
(P'ig,  14fJ)  in  driving  heavy  square  ur  romid  piles  in  a  single 
row,  placing  Ibein  fixiiii  two  to  four  fwil  apart.  These  upright 
picires  are  sawed  off  level,  and  connected  at  top  by  a  horizon- 
tal beam,  termed  a  cap^  which  is  either  mortised  to  receive  a 
tenon  made  in  each  upright,  or  else  ie  ^teiied  to  the  nprighta 
by  bolls  or  |>in8.  Ottier  pieces,  which  are  notched  and  Iwlted 
in  pairs  on  ttiu  sides  of  the  uprights,  are  placed  in  an  inclined 
ordiaguiial  po^ilion.  to  bjuce  the  whole  syeteni  firmly.  The 
eeveral  ui>riglitd  of  the  pier  are  placed  in  the  dii'ection  of  the 
Uiread  or  rhe  current.  If  thought  necessary,  two  horixontal 
beams,  arranged  like  tlie  diagonal  pieces,  may  be  added  to 
tlie  svEtem  just  below  the  lowest  walcr-tovcl.  In  a  pier  of 
this  *kind,  the  place  of  the  stArlings  is  supplied  by  two  in 
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dined  beams  on  tbe  same  line  with  the  nprighu,  which  are 
t«rin«^d  /erider-beafns. 
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600.  A  Btroiig  objection  to  the  sj-stem  jiist  described,  arisM 
fiom  the  difticuTty  of  replacing  the  uprights  when  in  a  state 
of  decay.    To  remedy  trna  defect,  it  has  been  proposed  to 
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drive  laive  piles  in  tlie  poeitiona  to  be  occupied  by  tlie  uprights 
(Fig.  14t),  to  ocmncct  these  pilea  below  the  low-water  level 
Lt  ^our  hurizontal  bcnme,  firmly  fastened  to  the  heads  of  the 
piles,  which  are  sawed  off  at  a  proper  height  to  receive  the 
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horizimtal  l>eainB.  The  two  top  beams  hare  luge  Bqnftre 
mortiBCB  to  receive  the  ends  of  the  uprights,  whiui  rest  on 
those  of  the  piles.  Tlift  rest  of  the  eystem  ia»y  tie  construct' 
ed  m  iit  the  loniier  case.  Bv  tliis  armnc;ement  the  uprights, 
whoii  decayed,  can  bo  readUy  replaced,  aiid  they  rest  un  a 
■olid  substructure  not  subject  to  (lecikv ;  shorter  tinilter  alfto 
CAu  be  need  for  the  piers  than  when  the  uprights  are  driven 
into  the  bed  of  the  stream. 

601.  Ill  deep  water,  and  especially  in  a  rapid  unrront*  a 
8in«lo  row  of  piles  might  prove  iiisiifHcieiit  to  give  stability 
to  tlic  ujirights ;  and  it  has  therefore  been  pro]>osed  to  give 
a  ftuflitncnt  fipread  to  tlie  substnicture  to  aduiit  uf  bracing  the 
uprights  by  struts  on  the  two  sides.  To  effect  this,  throa 
piles  (Fig.  14S)  should  be  driven  for  each  upright ;  one  just 
under  its  position,  and  the  other  two  on  cacn  side  of  tliis,  on 
a  lino  perpendicular  to  that  of  tlie  pier.  The  di^tantw  be- 
tween the  three  uilcs  will  depend  un  the  inclination  and 
length  that  it  may  be  deemed  ueceesary  to  give  the  stnits.  The 
heads  of  the  llinn^  jjiles  ure  sawed  off  level,  and  c-onnected 
by  two  horizontal  clamping  pieces  beluw  the  lowest  water. 
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A  square  mortise  is  left  in  these  two  piocoe,  over  the  middle 
pile,  to  receive  the  upright*.  Tlio  uprights  are  fastened  to- 
gctlier  at  the  bottom  bv  two  clamping  pieces,  which  rest  on 
Uioec  that  clamp  the  lieads  of  the  piles,  ana  are  rendered 
tirraer  by  tlie  two  struts. 

602.  In  localities  where  pilee  cannot  be  driven,  the  uprightB 
of  the  piers  may  be  secureii  to  the  bottom  by  means  of  a  gra- 
ting, arranged  m  a  suitable  manner  to  receive  the  enda  of  the 
nprighta.  The  bed,  on  which  the  grating  is  to  rest,  ha\ing 
been  suiuhly  prepared,  it  is  floated  to  ita  position,  and  sunk 
uitlier  before  or  after  the  uprights  are  fastened  to  it,  as  may 
be  fonnd  moat  convenient.  Tlie  grating  is  retained  in  its 
place  by  Iimjsc  elune.  As  a  farther  security  for  the  piers,  the 
uprights  may  bo  covered  by  a  shoatliii.g  of  lnwrds,  and  the 
spaces  between  tlie  sheathing  be  tilled  in  with  gravel. 

603.  As  wooden  pien  are  not  of  a  suitable  form  to  resist 


TSUt  rorNOATIONB. 


beavy  shocks,  ice-brcakcrs  ebould  be  placed  in  the  stream, 
uppoeite  tu  each  pier,  aud  at  some  difitonco  from  it  In 
streams  with  a  gentle  current,  a  simple  inclined  beam  (Fig. 
140)  oorured  with  thick  sheet-iron,  aud  supported  bjr  nprigbta 
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ttiid  diagonal  pieoefi,  will  be  all  tli&t  is  neceeoary  for  an  ioe- 
breaktr.  Bnt  in  rapid  currenta  a  crib-work,  having  Uio  form 
of  a  iTiaiigutar  pyramid  (Fig.  150),  the  up-stream  ed^  of 
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which  is  c<ivci  cd  with  iron,  will  be  required,  to  offer  anfficient 
reeiBtaiice  to  sbduks.  The  crib-work  may  be  filled  in,  if  it  be 
deemed  advieal))e,  witli  blot^ka  of  stone. 

604.  In  detcnniuin^  the  leneth  of  the  span  the  engineer 
must  take  into  consideration  ibe  fact  that  wooden  bridge* 
ror^uire  more  frequent  repaii-s  than  those  of  stone,  arism); 
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fiom  the  decay  of  the  material,  and  fn^m  the  effects  of  ghritik- 
iiur  and  vibrations  upon  the  joints  of  the  frames,  and  that  the 
dimenlty  of  replacing  deeayod  parta,  and  readjusting  the 
framework,  increaaaa  rapidlv  with  the  span. 

605.  Brjd^fe-franiee  may  Be  di  rided  iuio  two  general  daaeet. 
To  the  one  Ueloug  all  those  coraliiiiatinuB,  whether  of  straight  or 
of  cunred  riml>er,  that  oxoit  a  lateral  pi-essure  upon  the  abuc- 
ment«  and  piers,  and  in  which  the  superstnicturo  is  generslly 
above  tlie  oridM-frarae.  Ti>  the  oilier,  thcise  combinatiouB 
which  exert  no  lateral  pressure  upon  the  points  of  support, 
and  in  which  the  roadway,  &c,  may  be  said  to  be  suspendw 
£rom  the  bridge- frame. 

606.  Deiinitions  of  aoiue  of  ths  temu  employed  Id 
liridge  nomenclature, 

A  Chord  is  the  upper  or  lower  member  In  a  ^nu«.  It  ex- 
tends from  end  to  end  of  the  strocture.  Tbore  arc  usually  two 
chords,  an  upper  and  a  lower  chord.  Those  may  be  parallel, 
as  in  Figs.  157  and  1G7,  or  the  upper  one  naay  be  curved 
(arched)  and  the  lower  one  horizontal,  or  both  may  be  curved. 
These  pieces  by  some  English  writers  are  called  hotrma^  and  by 
others  stringers.  The  lower  chord  is  often  called  a  tie.  The 
upper  chord  is  sometimes  called  a  etraining  beam. 

A  TVtf  is  a  piece  which  connects  two  parts  and  Is  subjected 
to  tension. 

A  Strut  is  a  general  term  which  is  applied  to  a  jileoe  in  a 
truss  which  is  subjected  to  compression.  In  proportioning  it, 
it  is  treated  as  a  viUar.  In  its  more  restricted  sense,  it  is  e 
«Aor^  piece  which  iS  subjected  to  compresuon. 

A  Ti^Strue,  or  Strut- Tit,  a  a  piece  which  may  be  sub- 
jeotod  tu  tension  and  oomproasion  at  different  times,  under 
diffisrcnt  conditions  of  loading. 

A  Broi'x  is  an  inclined  piece  which  is  subjected  to  compres- 
sion. It  is  au  inclined  Hrul.  lu  bridgi^ti,  braces  are  some- 
times distinguished  as  mai'i-hraoei  and  oouiUer-braoea.    Thtl 
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distinction  is  qnite  anneitcsRarr  in  an  aiial^'ticil  jmiutof  viow, 
lui  will  be  Bccu  hereafter,  but  it  is  so  couimuu  iu  practice  that 
it  will  not  do  to  ignore  it. 

A  Main-Jirace  is  ft  brace  which  inclinee  from  die  end  of  a 
tiniss  towards  the  centre,  ad  iu  Fig.  151. 

A  Counter- lirtsce  is  oue  whicli  iuuUuce  fnnn  the  centre 
uid  towai*dfi  the  ends.  In  the  eanio  panel  tite  counter-brace 
iuclincs  the  opposite  way  from  the  main-brace.   Sec  Fig.  151. 

A  Ti^Btace  performB  the  o^ceof  both  main  and  uuunter- 
hrace;  it  i»  ibe  same  as  a  Tt^Strut. 

607.  Long's  Truss.  This  was  one  of  the  first  truascs  of 
this  conntry  in  which  a  suieatific  arraugeuieut  uf  the  parta 
wa**  observed.  It  was  «»nipoeed  entirely  of  wood,  even  iron 
iKilta  for  splicing  the  main  beams  being  avoided.  It  consists 
in  fonuiiij^  boih  the  upper  and  lower  beams  (Fig.  152)  of 
three  parallel  beams,  aomcient  space  being  left  between  the 
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one  ill  the  centre  and  tlio  other  two  to  inaert  the  gfdm  pieces, 
termed  the ^(7«^/  the  poete  consist  of  beams  In  pairs  placet) 
at  suitable  intervals  along  the  strings,  with  which  thev  aru 
connected  hj  wedge  bh>ckB,  termed  jihs  and  keya^  which  are 
Inserted  Into  rectangular  holes  made  through  the  strings, 
ftnd  fitting  a  corresponding  shallow  notch  cat  into  each  poet. 
A  brace  connects  the  t'jp  of  one  post  with  tlie  foot  of  the 
one  adjacent  by  a  suitable  joint.  Another  diagonal  piece, 
termed  the  counter^mce^  is  placed  croeswise  between  the  two 
braces  and  tliclr  postB,  with  \\a  ends  abutting  against  the 
centre  beam  of  the  upper  and  lower  string  The  eounter* 
braces  arc  connected  with  the  poats  and  braces  by  wooden 
pins,  termed  iree-Tiaih. 

In  wide  bearings,  the  strings  require  to  bo  made  of  several 
beams  abutting  end  to  end ;  in  this  case  the  beams  should 
break  joints,  and  short  beams  shoitld  be  inserted  between  the 
rentre  and  exterior  beams  wherever  tlie  joints  occur,  to 
strengthen  them. 

The  beams  in  this  combination  are  all  of  uniform  crosi 
section,  the  joints  and  fastenings  are  of  the  simplest  kind, 
and  the  parts  are  well  distributed  to  call  into  play  the 
Bti-engtli  of  the  strings,  and  to  produce  uniform  stifEuese  and 
strain. 

808.  Town's  Truss. — Tlie  combination  of  Mr.  Town 
(Fig.  \b'i)  consists  in  two  nmiii  strings,  each  fonned  of  two  or 
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three  parallel  beams  of  two  thickneraf «  breaking  jointa  Be- 
tween the  parallel  beams  ai-e  inserted  a  series  of  diagoDal 
beams  crossing  caeh  otlier.  Tiioae  diagonals  are  connected 
with  the  strings  and  with  each  other  bv  treo-nails.  When 
the  strings  are  formed  of  three  parallel  beams,  diagonal 
pieces  are  platwd  between  the  centre  and  exterior  beams,  and 
two  intermediate  strings  are  placed  between  the  two  courses 
af  diagonals. 

Tliis  combination,  commonly  known  as  the  latHee  truss,  la 
of  Tory  easy  meofaanical  execation,  the  beajOB  being  of  a  imi 
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crow  section  and  length.  The  strains  npon  it  are  home 
bv  tlie  tree-nailsj  and  when  used  for  structures  subjected  to 
variable  strains  aiid  jars,  it  Insea  its  stiffiiem  and  sags  between 
the  points  of  Bnpport.  Ii  is  more  eonimendable  for  ita 
Bimpticity  than  Bt:ientific  combination. 

60B.  Ho'we's  Truss. — This  tnias  consists  of  (Fig.  1 54)  an 
nnper  and  lower  string,  eacli  formed  of  several  thiclcneesefl 
oi  oeams  placed  side  bj  side  and  breaking  jointa.  On  the 
upper  side  of  the  lower  Ptriiig  and  the  lower  side  of  the 
npper,  blocks  uf  hard  wood  arc  inserted  into  shallow  notches ; 
tlie  blocks  are  bevelled  off  on  each  side  to  form  a  suitable 
point  of  support,  or  »t^p  for  the  diagonal  pieces.  One  scriet 
of  the  diagonal  pieces  are  arranged  in  j^tairs,  the  others  are 
single  anaplaced  between  thuee  in  paii-s.  Two  strong  bolt* 
of  iron,  which  pass  through  tlie  blocks,  counect  Uie  upper 
and  lower  stringSj  and  are  arranged  with  a  screw  cut  on  one 
end  and  a  nut  to  draw  the  parts  cloeely  together. 

This  combination  preseuta  a  judicious  arrangement  of  the 
parts.  Tlie  blocks  give  abutting  surfaces  for  Uie  braces  sn- 
|>erior  to  those  obtained  by  the  ordinarj"  fonns  of  joint  for 
this  purjHise.     The  bolts  replace  adTantageonsIj  the  timber 
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posta,  and  in  ease  of  the  frame  working  loose  and  sagging, 
tlieir  arrangement  for  tightening  np  the  parts  is  simp^  and 
efHcacio'is. 

010.    SobuylkiU    Bridge,— Tins   bridge,    designed    and 
built  by  L  Werawag,  has  tlie  widest  span  of  any  wooden 
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bridge  in  thtfi  coiintiy.  The  bridgQ-fnuna  (Fig.  155)  oonuated 
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of  five  rilxi.  Each  rib  is  an  open -built  lioain  fuTined  of  » 
bottom  curved  soUd-built  beam  and  of  a  Rin^rk'  top  beam, 
which  aro  connected  hy  radial  pieces,  dia^mal  bracee,  and 
inclinea  iron  atavB.  The  Ixittom  curved  beam  i;*  com|N«nd 
of  three  concentric  solid-built  beftniR,  slij^htly  M-]«ii-ared  from 
eiich  oUier,  each  of  wliich  has  seven  counBcs  of  curved  Rcant- 
ling  in  it,  each  eonrfio  6  incbca  thii;l{  b^  13  iiicbe>^  in  brcadlb ; 
the  courses,  as  well  as  the  concentric  beams,  being  finnly 
united  by  iron  bolts,  &c.  A  roadway  tliat  re^tp  upon  tlio 
botti^m  curved  ribs  b  left  on  each  aide  of  the  centre  rib,  and 
a  footpath  between  each  of  tlie  two  exterior  ribs.  Hlio  bridge 
was  covered  iu  by  a  roof  and  a  sheathing  on  the  Ridea. 
810.  Burr's  Truss. — Burr's  plan,  whi^  (Fig  166)  comistt 
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in  forming  eacb  rib  of  an  open-bnilt  beam  of  straight  timber, 
and  connecting  witli  it  a  curved  w>lid-built  beam  lonned  of 
two  or  more  thickneases  of  scantling,  between  which  the 
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framework  of  the  open-bnilt  beam  ia  clamped.  The  open- 
built  beam  conflists  of  a  liorizontAl  botlora  beam  of  two 
thicknesses  of  Bcantltng,  tcrmpd  tlie  oAwdit^  l>etween  which 
are  Becnred  the  nprighta,  termed  the  qii^en  pogfs,—oi  a  single 
top  beam,  termed  m^  piai*  of  th«  fffrfa  frame,  which  rests 
npon  the  uprights^  with  whieii  it  is  cuimected  bv  a  mortise 
and  tenon  joint, — and  of  diagonal  braces  and  otiier  smaller 
braced,  termed  check  braoeft,  placed  between  the  uprights. 


IV-  I5T. 


V 


a 


Tlic  ciirvcd-bnilt  beam,  tcnned  the  arch-timf>er/i,  is  bolred 
opon  the  timbers  of  the  open-bnilt  beam.    Tlie  bridge-frame 
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may  coiisbt  of  two  or  more  ribe,  wliitrb  are  connected  and 
Btinoned  by  crosa  dee  and  diagonal  l;ra(-i«.  Tlie  TtAdvay- 
tlooriiig  is  laid  upon  cross  pieces,  termed  the  ^A^>or  girdertf 
wliicb  may  either  reat  upon  the  chonle,  or  elso  ho  attached  at 
any  intermediate  point  l»etween  them  imd  the  top  beam. 
Tlie  roadway  and  footpatbg  may  be  placed  in  any  pc«ition 
between  the  eeverul  ribs. 

612.  Pratt's  Trtiaa.  This  tniaa  (Fi^.  157)  baa  Uib  same 
general  ft)rm  as  Howe's,  but  differs  in  its  details.  The  ver- 
ticals here  are  woo«ien  posts  instead  of  iron  rods,  and  tlie 
diaponals  are  in>ii  ties  instead  of  woiidon  braces. 

613.  MoCollum's  Truss.    This  triisii  (Fig.  158)  is  a  modi- 

Fto.  1S8. 


ficatinn  of  TTowe^s,  the  essential  diffei-encc  of  which  consists 
in  a  eiiiTed  npper  chord  instead  of  a  Iwrizoiital  one.  The 
lone  bniccB  at  the  end — called  arcA  Amtv*, — are  not  ei*ential 
to  tbis  ByNt«ni.  This  system  is  stiffer  than  similarones  having 
horizontal  chords. 
614.  A  aimplo  but  effective  structure,  shown  in  Fig.  169, 

rif-iia 
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bos  been  in  use  for  some  time  on  the  N.  Y.  State  canals  for 
common  road  bridges,  and  for  cn»«8ing8  on  famift.  Tliere 
are  no  ctMinter-bi-acee,  which,  as  may  readily  he  showD,  are 
lUuieccBsarv  for  ahoi't  gi^iis.  (Sw  Wood's  Trmfi^e  on  Bridtjen 
and  liv'ifi^^^.  lliO  and  I'Jl.)  The  lower  liniber  may  be 
fiuHced,  or  in  any  other  manner  made  continuoiia  tliroughoat. 
Another  timber,  which  w  placed  on  this,  extends  over  two  or 
four  cif  the  oontral  bays.  The  vertic-ala,  which  are  iron  rods, 
are  made  divei^ent,  as  shown  in  Fig.  15da. 


ISa  •.     Otdm  HetloD  Id  •  V««  T«rk  lUta 
mnal  tctdfi*. 

A,  oupir  ebofd. 

B.  towvchgnL 

«,  a.  i^wiMiMi  ivdit  iirUob  UkUm  Mib 

wwd. 
Ot  k  Ooorglrdir. 
I.  I  lliii     I      1. 


■i- 


815.  Wooden  Arches.   A  wooden  arch  may  he  formed  by 
bending  a  single  beam  (Fig.  160)  and  confining  its  extremf- 


kl 


rig.  IW  — Bi«t«—Bitt»   *   harfnaul 

b>Mm  e  Mnwwd  W   It*  mliMli 
polu  by  ■  baU  ttmm  b. 


tics  to  prevent  it  from  resuming  ita  original  shape.  A  beam 
in  thia  state  presents  greater  rtMistance  to  a  croes  strain  t}ian 
when  straight,  and  may  be  usod  with  advantage  where  great 
etifftiees  is  roq^uired,  provided  tlio  p<.>ints  of  support  are  of 
siifHdcut  strength  to  reAiet  the  lateral  thrust  ot  tlio  Itcam. 
This  method  can  be  resorted  to  only  in  narrow  bearings. 

For  wide  archus  a  t-urved-built  beam  must  be  adopted  ;  and 

for  this  puqK*e  a  solid  (Titft-  l*"!  and  182)  or  an  opeii-bnill 

beam  may  be  used,  depcndmg  on  the  bearing  to  be  spanned 

by  the  arch.     In  either  case  the  curved  beams  are  built  in 

21 


SS9 


OIVtL  BfOINEKBIKO. 


the  ft&mo  inaniier  as  straight  beamn,  tho  pieoeA  of  wliicli  thcij 
*re  formed  being  siiitaMy  l>eiit  l^o  eimfonn  to  the  uiirvatnro 
of  the  arch,  wjucli  may  t>e  done  eillter  by  stcAining  the  plecesi 
by  Ttiucbaiijcal  power,  or  by  ttic  tiHual  luothodof  Boftening  the 
wo(idy  fibrtw  by  keeping  the  pieoeft  wet  while  subjected  to 
the  heat  of  a  light  blaze. 


Flf .  IBL 


Wlf.  in— B«prBM«U  •  woMlM  uvh  A,  fMsMd  oft  mIM  IwII  iMUn  •(  (trnw 
wniMi.  trhieh  uppon  tkd  liittMU  e,  a  bf  Uw  fOttM  g,  A  wU^  •»  (mBimI 
el  bImm  U  p>m. 

i,  b,  loolliMd  Mmta  to  itoviwUwa  tba  ttroh  bjr  nllmrliw  U  o(  »  p«rt  of  tte 
MM  aa  tta  b«UM  <^  & 
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fto.  W— BaprNMBl*  ■  wvodm  wvfc  a<  ■  wtU-bnDt  bwKB  A,  wkM  lappen* 
ni«  borUanul  lM*m  B  b^  nuBna  of  IIm  im«U  .t,  i*.  Ttu  Hah  It  lot  bMa 
Um  bMrn  O,  <rhlah  Mils  >■  k  U«  hi  oanftoo  lU  nitninilll**. 


616.  The  number  of  ribe  in  the  brirlgii- frame  will  dc)K!nd 
on  the  peneral  Btrength  recjaired  hy  tJie  obje^rt  of  the  gtrno- 
ture,  and  ujxm  the  claiw  of  fraino  adopted.  Tn  t}ie  first 
claw,  in  which  the  rondway  is  Tisually  above  the  fmnica,  any 
requisite  nmnlwr  of  riba  may  be  uiwd,  and  they  may  bo 
plmwd  at  equal  inUTvale  apart,  or  else  be  so  placed  aa  to  give 
the  bwt  snpiiort  1^^  the  lortds  which  fnu*  over  the  bridge.  In 
tlie  Recond  clafia,as  die  frame  iiBually  lies  entirely,  or  projoeta 
partly  above  the  roadway,  *.tc,,  if  more  than  two  ribs  are  in- 
quired, they  are  fto  arranged  tliat  one  or  two,  or  cirunmBtancw 
mav  demand,  form  each  head  of  the  bridge,  and  one  or  (wit 
more  are  placed  midway  lietween  tlie  Iieads,  bo  bf  to  leave  a 
eutHclent  width  of  wadway  between  the  centre  and  adja*-piil 
ribe.     The  footpaths  are  usually,  in  this  case,  either  placoil 
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letween  tlie  two  centre  riba,  or,  when  there  arc  two  exterior 
ritis,  between  tliem. 

61*7.  In  fi-anice  which  exert  a  lateral  pressnre  af^inet  the 
abtitineiite  and  piere,  tite  lowest  [^Mjiiits  oF  tlie  framework 
slioiild  be  8o  placet^  u«  to  be  abnvc  tlie  ordhmrj'  high-wat«r 
lerel ;  and  plates  of  i^oinc  metal  Kbotild  l>e  iiiRened  at  ttioM 
pointH,  both  of  the  frame  and  of  the  sup[)ort8.  whore  the 
effect  of  the  pressure  iniglif  caiiiie  injury  to  the  wchmIv  Hbre. 

618.  The  roadwav  nsnally  ex^nsi&tfi  of  a  simple  fliXtring 
fonued  of  croeB  joiflts,  termed  the  roadway-dearers^  or  Jloor^ 
^rdera,  and  fl(»oniig-l>oBr(la,  upon  which  a  road-covering 
eitlier  of  wood  or  g^:>ne  is  laid.  A  more  common  and  better 
arrangement  of  the  roadway,  now  in  use,  consists  in  laying 
longittidiiial  joisU  of  smnUer  seantling  "H!'*'^  ^'^^  roadway- 
bearers,  to  sumKjrt  the  flixfrin^lKMiraA.  ThiB  method  pro- 
BCrvee  more  enectually  tliau  the  otlier  the  road  way -bearers 
from  moistura  Besides,  in  bridifcs  which,  from  the  position 
of  the  roadway,  do  not  admit  of  vertieal  diagi>nal  bracee  to 
Btiffeu  the  framework,  the  only  means,  in  mo«t  cases,  o{ 
efiectiiij^  this  object  is  in  placimr  horiaontal  diatriJiial  braces 
between  each  pair  of  rood  way -bearers.  For  like  reixsons, 
stone  rofld-coverings  for  wooden  bridges  are  generally  re- 
jected, and  one  of  plank  used,  which,  for  a  horse-track,  should 
be  of  two  thicknesiKe,  eu  that,  in  case  uf  repairs,  arising  from 
the  wear  and  tear  of  travel,  tlio  boards  rostitig  upi>n  the 
floorin^T-joista  may  not  require  to  be  removed.  The  foot|>atha 
ooiiijigt  simply  of  a  slight  flooring  of  sufBcieut  width,  which 
is  usually  detached  from  and  raised  a  few  inches  above  the 
rfjadway  surfatte. 

619.  When  the  bridge-frame  is  beneath  the  roadway,  a 
distinct  parapet  will  be  requisite  for  the  safety  of  passengers 
This  may  be  formed  either  of  wiiod,  of  ircm,  or  of  the  two 
combined.  It  is  most  generally  made  of  timber,  and  con- 
sists of  a  hand  and  foot  roil  connected  by  uprij^ht  posti»  and 
stiffened  by  diagonal  brac*4>s.  A  wotxion  j>arapet,  bct^ides  the 
security  it  gives  to  passengers,  may  bo  made  t<t  add  iKith  to 
the  strength  and  stimicss  of  tlic  bridge,  by  constructing  it  of 
timber  of  a  suitable  sise,  and  oounccting  it  finidy  with  the 
e.xteriur  ribi^ 

620.  In  hridge-fraraea  in  which  the  ribs  are  above  the  it>ad- 
way,  a  timber  sboathiiig  of  thin  boards  will  bo  requisite  on  the 
side«,  and  u  it.of  a}>ove,  to  protect  the  structure  from  the 
woailier.  The  tie-beams  of  tjie  roof-trnsses  may  serve  also  as 
ties  for  the  ribs  at  top,  and  may  receive  horizontal  diagonal 
braces  to  stiffen  the  stmcturo,  like  those  of  tho  roatlway* 
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bearen.  Tbc  imftcra,  in  tbe  ease  in  wUcb  Aere  h  do  centn 
rib,  ftnd  the  be*rin|r,  t/r  diAUnoe  hetweco  the  exterior  riba»  ia 
m  gnat  that  the  rudway-bemren  regain  to  be  npportad  m 
the  middle,  may  lerre  ai  ptjczia  at  mpport  for  nnpenriaB 
pwees  of  vood^  or  of  imn,  to  which  the  mwiiyL*  point  of  the 
ruadwBj^bearen  mar  be  attached. 

621.  Th«  &Bine  and  odier  main  timbcfB  of  a  wooden  bridge 
vriU  hot  require  to  be  coated  with  paint,  or  anj  tike  oompo 
mtUm,  to  prewrve  them  from  deear  wiini  tber  are  rooied 
and  boarded  in  to  ke^  them  dry.  When  tlm  it'iwc  the  can^ 
tJte  ordinary  prBsemitives  ■gainst  atmontberio  ectioa  may  be 
o«ed  for  them.  The  under  ^orface  and  jaiota  of  the  planka 
of  the  roadway  may  be  coated  with  bittuniiKMie  naelie  when 
need  for  a  bone-track;  in  railroad  bridgea  a  metallic  oorer^ 
ii^  may  be  suitably  nsed  when  the  bridge  i»  itoc  Kiavened  by 
honea. 

822.  \V»ir«!eii  hridecs  can  produce  bat  little  other  archi- 
tectural effect  than  mat  whiui  uatur&lly  qjrings  up  in  the 
mind  of  an  educated  spectatu-  in  regarding  uiy  judiciuufily* 
onitnved  stmcture.  When  the  roadway  and  parapet  are 
above  the  bridge-fraine.  a  very  simple  t'omice  may  be  fiirmed 
by  a  proper  ci>iiiliiiiation  of  the  roadway -timbers  and  flooring, 
whichf  with  the  i^amiiet,  will  present  not  only  a  pleasing  ap- 
pearanve  to  tlie  c-yc,  but  will  bo  of  obvious  utilitv  in  covering 
the  porta  beneaili  from  the  weather.  In  corere^l  bridges,  the 
moat  that  can  be  done  will  be  to  paint  them  with  a  nniform 
voat  of  some  subdued  tint.  At  be^  frt^m  their  want  of 
heiglit  as  ootiipared  with  their  leugtli,  covered  wooden  bridges 
must,  fur  the  mcj^t  part,  lie  oulr  unfightlr,  and  also  apparent- 
ly insecure  structures  when  k>oked  at  fn^m  such  a  point  of 
view  as  to  embrace  uU  the  parts  in  the  field  of  vision  ;  anti 
any  attempt,  Theri'fiire,  t'l  disgiitfic  their  true  charai^ler,  and 
to  give  them  by  painting  the  appearance  of  houses,  or  of  stone 
artjiea.  while  it  niti&t  »il  to  ueceive  even  the  nio&t  ignorant, 
will  only  betray  the  bed  taste  of  the  architect  to  the  more  en- 
lightened judge. 

The  art  ot  erecting  wooden  bridges  has  been  carried  to 
great  perfection  in  Hmio»t  ovory  part  of  the  world  where 
timber  has,  at  any  |)criiNl,  been  the  principal  building  mate- 
rial at  the  diepti^l  of  the  architect ;  but  iivrn  at  the  present 
day  is  fast  taking  the  place  of  wood  in  tl  e  more  ini{X)rtanl 
bridges. 

6^.  The  following  Table  contains  the  principal  dimea 
nuns  of  some  of  the  most  celebrated  Amcric-an  ana  European 
wooden  bridges: 
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WAMM,  BTa,or 


WUthot 


lUw  or  d'ml 


Wettm^D  bridgo. 

Bridge  of  Schaffiiaiaaeii. 

Bridge  of  Kudel. 

Bridge  of  Bunbaig 

Bridge  of  Fnjsinfcn. . , 

1m*z  btidgB. 

Vppar  Sohuylkill  bridge. 
Varkvt-^tnvt  bridg*. . . 

Tzenton  bridffe , 

Colnmblft  bridre 

Bichmond  bridge 

Bpfingfleld  bridf^    .... 
BmsqiwbMina  briilge, . . . 


16  9  ft. 
11.6  '• 


IV. 

OABT-ntOS    BiODQKS. 

624.  Bridges  of  cast  iron  admit  of  even  greater  bold 
ness  of  design  than  those  of  timber,  owing  (o  tJie  euperiority; 
both  in  Htrongth  and  durability,  of  the  former  over  the 
Iatt«r  material;  and  tliey  may  therefore  be  resorted  to  under 
uirunmatHTices  very  nearly  the  fiame  in  which  a  wooden  strnc- 
lure  would  bo  auitable. 

62A.  Tiie  abtittnents  and  piers  of  cast-iron  bndges  should 
be  built  of  atone,  as  the  corrosive  action  of  salt  water,  or 
even  of  fresh  water  when  Impure,  would  in  time  render 
iron  supports  of  this  character  insecure;  and  timber,  when 
exposed  to  the  same  destructive  agents,  is  &till  less  durable 
that]  cast  iron. 

026.  The  curved  ribs  of  cast-iron  bridge-frameft  have  under 
ffone  various  modifications  and  improvements.  In  the  earlier 
brid>rei»,  they  were  formed  of  deveml  conrentric  arcs,  or 
onrved  Iieams,  placed  at  Br.me  distance  asunder,  and  united 
by  radial  pieces ;  the  spandrels  being  filled  either  by  <»>n- 
tiguoua  rings,  or  by  vertical  pieces  of  cast  iron  upon  which 
the  roadway  bearers  were  laid. 

In  the  next  sta^  of  progress  towards  improvement,  the 
curved  riba  were  made  less  deep,  and  were  each  formed  of 
several  segments,  or  (miicls  cast  separately  in  one  piew.  each 
pane!  ccmsistiuj'  of  tliroe  concentric  arcA  connected  by  radial 
pieces,  and  hanni*  flan(;lie.s  with  other  suitable  arrangements, 
for  connecting  them  firmly  by  wrunght-irou  keys,  screw-bolt*, 
6c. ;  tlie  entire  rib  thus  presenting  the  appearance  (»f  three 
aancentric  arcs  oonnectea  by  radial  pieces.  The  spandreU 
wore  tilled  either  with  panela  formed  Uke  those  of  the  ourveH 
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I'ilffif  vf\th  irrfu  rttigB^  or  with  a  low nge-s) taped  retiutiLitiMi 
c'i[nliii),-ttioii.  The  ribe  were  coiiiie<;te<l  by  cAStiron  platae 
and  wrciiight-irun  diagonal  Hes. 

In  tlie  more  recent  etnietHros,  tlie  ribs  have  been  com- 
posed <'f  vonf5s<>ir-Bhftpo<i  piinels,  each  formed  of  a  frilid  tlyn 
plate  widi  flanchoa  around  the  cd^«) ;  or  olae  of  a  cnrved 
tubular  rib,  formed  like  thtise  of  Poluncean,  or  of  Dela- 
field,  described  further  on.  Tlic  e)>andrel-filliiig  is  either  a 
retiunlafed  corabiiution,  or  one  of  contiguoiw  iron  ringa. 
Tlio  ribs  arc  uaiiallj  united  by  cast-iron  tie-platce,  and 
bni(T(l  hv  diiigt>nal  ties  ni  cast  and  wrought  injn. 

609.  The  roaiiwav-bearora  and  fifKiring  may  be  formed 
either  of  timl>er.  or  of  (;af>t  iron.  In  ttte  more  recent  gtruc- 
turce  in  England,  ttiuy  liavc  been  made  of  the  latter  matonnl ; 
the  roadway-beaivrs  being  cast  of  a  snitablo  form  for  strength, 
and  for  th'eir  connection  Mrith  tbe  ribs;  and  the  flooriuj^ 
plates  being  of  cast-iron. 

Tlu;  roamvav  and  rt:Hirpaths,  formed  in  the  usual  manner, 
rest  ii[)on  rhe  doo ring-plates. 

The  parapet  cunsists,  in  most  cases,  of  a  light  coml.iina- 
ticni  of  cast  or  wronglit  iron,  in  koepiug  with  the  general 
etyle  of  the  stnictiire. 

627.  The  Kngliab  engineers  bare  taken  the  lead  in  this 
branch  of  arcbitecturo,  and,  in  their  more  recent  stmctureSi 
have  carried  it  to  a  high  degree  of  modiauioaJ  perfect  inn 
and  architeetnral  elegance.  Among  tJio  more  celebi-atod 
caflt-iron  bridges  in  England,  that  of  CotiWrool^xile  belong* 
to  the  first  epoch  above  mentioned ;  those  "f  StatnoM  and 
Stiiu{<rrhtn*l  to  the  Rectind ;  and  to  the  third,  tlie  bridgo 
of  tSoufA-wttrie  at  London ;  that  of  'Tewket^mry  over  the 
Severn ;  tliat  over  tlie  I^ry  near  PIviuontb,  and  a  numiier  of 
otherB  In  various  jiarts  of  tno  Uuitod  Kingdom. 

The  French  enjiineer*  have  not  only  followed  the  load 
set  tltum  by  the  Kngli«h,  hut  have  taken  a  new  stop,  in 
the  tubular-6lia}>ed  ribs  of  M.  Poloncean.  The  Pont  ilojt 
ArtA  at  Paris,  a  very  light  bridge  fur  fiwt-passoiigcns  otdy, 
and  which  is  a  combinatHm  of  cast  and  wrought  iroii.  Iwloiiga 
to  their  earliest  eflsays  in  this  line;  tbo  Pont  d'A*tii/^Hit^ 
nlso  at  Paris,  which  is  a  contbination  similar  to  thode  of 
Btainea  and  Sunderland,  belongs  Ut  their  i!>ec^)nd  epoch  ;  and 
tlie  Pont  du  C'anviMel,  in  the  same  city,  built  upon  Polon- 
ceau*.s  system,  with  several  otliers  on  tiie  same  plan,  belong 
to  the  last. 

In  the  United  States  a  commencement  can  hardly  bo  said 
to  hava  been  made  in  this  branch  of  bridge  ardiitecLore: 
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the  bridge  of  eighty  £eet  span,  with  tubular  ribs,  coiietnictcd 
by  Majtir  Dclufield  at  lirownsvillc,  Btands  alintjat  alone, 
and  is  a  step  contemporary'  with  tliatof  Polonueau  in  France, 
The  following  Tabic  contains  a  »uinniary  deacriptiun  of 
mtrne  of  the  most  uuted  EuruptMii  cast-iron  bridges : 


Mjon  or  m&«x. 

Bi««r. 

ftroliw. 

"K*" 

IMU 

Kovol 

tOm. 

DM*. 
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6S£8.  Iron  Arches.  Cast-iron  arches  may  be  used  for  the 
:anie  objects  as  tlioee  of  timber.  The  frameu  f<ir  tlieso  pur 
jKiseft  conRiflt  of  several  parallel  ribe  of  nnifonn  dimeneione, 
which  are  cast  into  an  arch  form,  the  HbB  bein^  connected 
by  horizontal  ties,  and  stiffened  by  diafftmal  braces.  The 
weight  of  the  Btiperstrncture  is  transmitted  to  the  cnrved 
rihs  in  a  variety  of  ways ;  most  ummlly  by  an  open  caat- 
ipon  beam,  the  lower  part  of  which  is  so  shaped  as  to  rest 
iijicn  the  curved  rib,  and  the  upper  i)art  suitably  fonned  fur 
l))o  object  in  view.  Thettc  beams  are  also  uonueuted  by  tics, 
and  stiffened  by  diagonal  braces. 

Each  rib,  except  lor  narrow  spans,  is  composed  of  several 
pir-cea,  or  segraenta,  between  each  pair  of  which  tliere  is  s 
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joint  in  the  direction  of  the  radins  of  cnrvatnre.  Tlie  fomu 
and  iliiiietisioiis  uf  tLc  m?»ii)OiitH  are  nnifonu.  The  ee^iente 
ara  usually  cither  solid  (Fig.  1G3)oropcn  |>latpfi  uf  iiiiifnmt 
ttiickiiesfi,  having  a  tlaiich  of  uniform  breadth  and  depth  at 
pach  ond,  and  on  the  entmdos  and  intrados.  The  flancii  8cr^'« 
both  to  ^ive  strength  to  the  fegiiient  atid  to  fonn  the  L-oiiiiDCtiOD 
between  the  BOgments  aud  the  parffi  vvltitrh  re^t  nynni  tho  rib. 

The  rib»  are  connected  by  tie-plates,  which  are  iiiBerted  be- 
tween tl»e  joints  of  the  ee^nients,  and  are  faateiie^l  to  the  Beg> 
merts  by  iron  pcrew  boh«,  which  jiasa  through  the  end  t^anebfiB ' 
of  the  segments  and  tlie  tie-plate  between  thetn.  The  tie- 
pla(«t  may  be  cither  open  or  «olid  ;  the  former  belns^  usually 
preferred  on  aeoonnt  of  their  superior  UgbtiieM  and  chcapneea. 

The  framework  of  the  riba  la  ittiffcned  by  diagonal  pieces, 
which  are  conneL-ted  cither  with  the  ribs  or  the  tie-plates. 
The  dia^nal  hrat^es  are  cn&l  in  one  piece,  the  arinabeinja^i 
ribbed,  or  feathered,  and  tapering  from  the  centre  tow&r£ 
the  ends  in  a  anitablo  manner  to  give  lightness  combined  with 
streii^h. 

The  open  beams  (Fig.  163)^  which  rest  upon  the  cnrved  ribs, 
are  mat  in  a  suitable  number  of  panels ;  the  joint  between 
eacli  pair  being  cither  iu  the  direction  of  the  radii  nf  the  iirch, 
or  elaa  vertical,  llieso  pieces  are  also  ttast  with  HauuhoB,  Uy 
which  tliey  are  connected  togetlier,  and  with  the  other  parts 
of  the  frame.  The  bcaniB,  like  the  ribs,  are  tied  togetliorand 
BtifTencd  by  tiea  and  diagonal  braces. 

Beams  of  guitiible  forms  for  the  purpoaes  of  the  Rtrautnre 
are  placed  cilher  lengthwise  or  ci-osawise  upon  the  open 
beams. 

629.  Cm-ved  libs  of  a  tubnlar  form  have,  within  a  few  years 
back,  been  tried  with  success,  and  bid  fair  to  supersede  the 
ordinary  plate  rib,  as  with  the  same  amount  of  metal  they 
combine  more  sTn^ncth  than  tlio  flat  rib. 

The  application  or  tubular  ribs  was  first  made  in  the  TJuitod 
States  by  Major  Dclulield  of  the  U.  S.  Corps  of  Engineers,  in 
an  arch  tor  a  bridge  of  80  feel  span.  Kach  rib  was  Tnruied  of 
nine  segments;  each  segment  (Fig.  1({4)  being  cast  in  one 
piece,  tne  cmi<8  section  of  which  is  an  elliptical  rliiguf  uni- 
lonn  thicknces.  the  transverse  axis  of  the  ellipw  being  in 
the  direction  of  the  radins  of  curvatin-o  of  the  rib.  A  broad 
•Uiptical  Hanch  with  rib'',  or  stays,  is  cast  on  nu^h  end  <jf  the 
•egment,  to  coniii.'ct  tlic  part6  with  cai^li  oiher ;  and  three 
chair$^  or  saddlf.--2iia't'Jiy  with  grooves  in  them,  are  last  mxm 
the  entrados  of  eadi  segment,  and  at  equal  intervals  apart^  t£ 
receive  the  open  beam  which  rests  on  the  cuned  rib. 
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The  ribs  are  coiiDocted  by  an  open  tie  plate  (F'ly;.  164). 
Raised  elliptical  projections  are  cast  on  each  face  of  the  tie 
platc:,  where  it  ia  connected  with  the  segments,  which  are 
adjusted  accurately  to  the  interior  surface  o£  each  pair  of 
segments,  between  which  tlio  tie  plate  is  embraced.  Tlie 
segments  and  plate  are  fastened  by  screw  bolts  poiiscd 
through  the  end  flanches  of  the  segments. 
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fig-  IM— Rnnwata  ■  ild*  vtow  A.  aail  ■  cnm  metkia  and  end  rlew  S,  Unvo^  ■  MdA»«lM» 

crUw  Wbulv  arah  of  Hsinr  DolAfiiJd. 
«< «  (TIf.  A),  » ltd*  Tl«w,  udtFlii  D]  M  end  rt«v  c4  Uw «IUiiti(»l  llancbMo(UM«ad«CaB* 

6i  K  ibvUta.  or  rite  w  KTcutim  tli»  AhmIhb  iMlMi  lUMil  antat. 

^  tf»ftete,  brtviwi  th«  rltw. 

r.  lilt- B)  iddr  V  tow  of  llw  rin  of  Um  tb-pM*  ttM  to  DM  totlrtir  «r  tto  MNm. 

^  4,  (FUk  a  Mti)  h)  ruut.!i*.|iwoM  M  MMN  lb*  o^n  bMBii  ol  ft  (dm  dmOv  n  fls.  in. 

whldi  ra«  on  th*  tutniUf  rtlM. 
^  aim  avnlon  of  Ibe  rib  Uirairgtl  ttM«iidilI»lrtMi. 

The  tie  plates  form  the  only  connection  between  the  cnrved 
ribs;  tlio  broad-ribbed  flauuieB  of  the  Kgments,  and  the 
■■aised  rims  of  the  tie  plates  inserted  into  the  ends  of  the 
tabes,  giving  all  the  advantages  and  stiffness  of  diagonal 
pieces. 

630.  Tubnlflf  ribs  with  an  elliptical  croftS  section  have 
been  used  in  France  for  many  of  their  bridges.  They  were 
Brst  introdnced  but  a  few  years  back  by  M.  Polonceau,  after 
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whoee  desi^s  the  greater  part  of  those  stmctures  have  beeD 
liiiJIt-  Af(»nliiif;  t»i  M.  PoIoiutjiii'b  plan,  pach  rib  <iinsUta 
of  two  svmnietricA!  parts  divided  Icnjrthwise  by  a  vortufal 
joint.  Each  half  of  the  rib  is  comp««cd  oi  a  nnml>er  of 
•egments  bo  distrihiited  a&  to  break  joints,  in  order  that  when 
the  M^nenta  are  nnt  toeelher  tliere  shall  be  no  continiiotu 
croM  joint  tlmmj^h  the  nbt. 

Tbe  Bcpiicntg  (Yig.  169)  arc  ca«t  with  a  top  and  bottom 
Qanch,  and  one  aleo  at  each  end.  The  halves  of  tho  rib  are 
connected  b_v  bolts  throoph  tho  upper  and  lower  Jlanchcs, 
and  the  eeffments  by  b^ilts  thn>iiph  tiie  end  tlanches. 

For  the  purptiecft  of  adjusting  tlie  seiri'ieiils  and  bnnpng 
the  rib  to  a  puitable  depreo  of  tension,  nht  pieces  of  ^^mnght 
iron  of  a  wcdEc  shape  are  driven  into  the  ioinw  between  the 
Bt^mentB,  and  are  confined  in  tho  jointa  by  the  IhjUb  which 
fasteii  tlie  s^ueiite  and  which  also  pass  tJirough  tliese 
vedges. 

To  conno<t  tho  ribe  with  each  other,  iron  tubular  pieces 
are  placeii  lietwecn  them,  tla>  ends  of  the  tiibos  heini;  suit*- 
blv  adjusted  to  the  Bides  of  the  ribs.  Wrorphtintn  rodi 
wliich  serve  as  ties  pass  through  the  tube^t  and  ribs,  beliij^ 
arraii^d  with  screwB  and  nuts  to  draw  the  ribe  finnly  a^iii&t 
the  tubular  pieces.    Diagonal  pieces  of  a  suitable  form  are 
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placed  between  the  ribe  to  give  tbem  the  roqaiaite  dogvee  of 
Btiffiiee». 

In  tlie  bridges  constnicted  by  M.  Polimeeaw  according  to 
this  plati.  he  suppoi-ts  the  longitndinal  beams  of  the  roodway 
hv  uast-irou  rings  which  are  fastened  to  the  riba  and  to 
eacli  other,  and  bear  a  chair  of  Buitablo  form  to  receive  the 
beams. 

G3L  OjMjn  cast-iron  beams  are  seldom  used  except  in  oom- 
binatiun  with  cast-iron  anJies,  Thitso  of  WRmglit  iron  are 
frequently  used  in  structures.  They  may  be  formed  of  a 
top  and  bottom  rail  connected  by  diagonal  pieces,  forming  the 
ordinary  lattice  arrangement,  or  n  piece  bent  into  a  curved 
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form  may  be  placed  between  the  rails,  or  any  other  suitable 
oonibination  (Fig.  160^  may  be  usedwlncb  eoinbiiics  lightneu 
witb  stren<'th  audstifmeas. 

G32.  E&cts  of  Temperature  on  Stone  and  Cast-iron 
Bridges.  'I'hci  action  of  variations  nf  tempomture  upon 
masses  of  ma&(inrv,  particularly  in  tlie  copiuff,  has  already  l>&en 
noticed.  The  effecl  of  the  (*amo  action  iitxm  the  c<]«ilibniim 
of  arches  was  first  observed  by  M.  Vicat  m  the  stone  bridge 
built  by  him  at  Souillao,  in  the  joints  of  whicli  periodical 
changes  were  found  to  take  place,  nut  only  fruni  the  ran^ 
of  teinjxM-atnre  between  tlie  6cn»oii.4,  bnt  ovi-n  daih'.  KimiTar 
plieiiomena  were  also  very  arcnrately  noted  by  Sir.  Geor;gc 
Kcnnic  in  a  stone  bridge  at  Staines. 

From  theeo  recorded  observations  the  fact  is  conclusively 
established,  that  the  joints  of  stone  bridges,  both  in  tlie  ardiot 
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Deoessary  memljera  are  omitted,  and  henccvcomparat-vclv  few 
iM>uiiter-tte«  are  tzaed.  lu  the  Fig.  only  two  wxj  pIiowu— oua 
each  aide  of  the  centre.  The  number  of  conuter-ties  depends 
ujK)n  the  relation  of  the  moving  load  to  that  of  the  weight  ol 
tlie  bridge  (see  articles  107  and  108  of  Wood's  Trmttse  on 
Bridget  and  Roofs). 

The  lower  chora  is  sometimes  made  of  links  of  iron  (Fig. 
168),  which   paea  over  castMrou  blocks  under  the  vertical 
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posts  (Fig.  169).    The  lower  chord  may  be,  and  at  the  pree^ 
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ent  day  often  is^  mado  of  eye-bars  (Fig.  170).    The  propet 
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form  and  dimonsionB  of  the  eyes  and  the  proper  size  of  the 
pins  has  been  tlie  snhject  of  uoiwidcrable  cxpcrimciiL 

At  first  it  was  supposed  that  the  total  section  on  both  sid^ 
of  the  eye  should  equal  half  the  section  of  the  pin,  but  ex- 
periments quickly  showed  that  when  made  in  this  proportion 
the  eyes  wuuld  t€^r  out  before  the  ahoariiig  fttrenji;tli  •>£  the 
pin  WAS  reached.  According  to  some  experiments  made  by 
Sir  Charles  Fox,  he  concluded  that  it  was  best  to  make  the 
bearing  surface  between  the  pin  u'd  coftcave  sm-face  of  the 
eye  about  equal  to  the  least  section  of  tlie  link  ;  or,  in  other 
words,  the  diameter  ot  the  pin  should  equal  a)>uut  two-thirds 
of  the  diameter  of  the  link. 

Thre.  rule,  liowover,  is  not  rigidly  adhered  to  by  onr  most 
eminent  bridge  builders.  Each  has  a  rule  of  his  own.  Some 
make  the  eye  tliickor  tlian  the  hnk ;  others  make  them  somo- 
vviiJit  iwar-slmped  by  adding  material  bark  of  the  pye  (Fig 
171) :  whileptul  others  make  them  of  the  form  shown  m  Fig 
172. 
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fiana  «tt  Madera  pfBetiefe.    It  ii  w^Mt  to  MMpc  to  ^f« 

flO  amc  ■wifiii'iiiw    n^  h««c,  ]h»v««v  #^  »» ^ 

certaiB  anM»  fli  MdM,  lodi  ■  die  Morp^-Wlapple 
bndA  lianib  bridb^  JonBi^t  bridbt^  tt^  eu. 

M7  UBvtae  Bridseu  Tte  fan^itedfl^«tf  vUeh 
(IW  VtZ  tad  VH}  bsfv  bwa  my  ^■■'ng'^'j  '■'  cBRfaUf 
«M«d  oal,  hto  a  wide  RMMiaa, 

The  JMeawtto— to  ■nawrf  »  iiiiIiiiib^^  tsWlv  Junto  erf 
PiuaglM.  voa  &r  towbii»  atod  to  lanto  eoaiptaBi*  tonia^ 
jpd  wMlwiijiilMiii  toreaafe  taaale  iiniaa,  hj  ikw  iiuaiii 
Ntoral  *ad  ndmiim  the  dead  v^ht  ctf  cfae 

I«UwMOoaipaajiiir£toi]*of  tfaecborib.tcni&L 

sod  cito,  ind  tba  floor  ^toca  flfld  blcnl  aoBiitoCiooi,  noK  m 
the  Uwdiof  pctaciplw  of  tt»  liariDe  tnm  are  iltaAfaSed. 

TIw  B{ip«r  <Mdi  A,  are  eoaipotoJc<  dianTMl  ([/  bart 
■id  I  bcMH^  to  wtiiefa  an  rifftod  top  platoa,  aad  amcCunM 
bnttna  phtoiv  fornnng  a  tabular  ooopreaivc  lembcr  of 
great  tlnagtlL  Whea  tl»  Ivirer  pUt«  a  oMd,  i^Iptfcal  bole* 
an  eat  oal  in  ontor  to  adiait  of  paintmg  cfaa  iataior.  The 
cfaonk  ar«  j^etwrall/  nado  in  wctkim,  oom  panel  In  length. 
Tim  cotmeetion  betgeen  the  nnpeiaioa  liefiod  upper  efa«di 
are  dStetBd  bj  neaai  of  angle  Uoefca,  throocfa  Tfaieh  pav 
the  lOipearion  tke,  witli  coWrjgfiA  ttnnr  thrcadi  an*!  oats  fot 
adfoitiiMnt,  or  hj  tomtit  of  pun  paaing  throogh  the  churde, 
end  (fanmgfa  ioope  or  eyto  on  Ibe  poeponidaa  tiea         ' 

The  elmu  fi  are  arcnlar  fir  pol;  .-fia]  lubes  (Fig.  174a\, 
«nein»i<fii1  of  tav  or  moffe  mlled  nn  aniial  hr  riTeto  throopi 
flnfei^  or  bj  uaaerefw  tie-bolts  peedi^  ibroQ|i^  the  ctmte 
between  the  flancee.  The  itrate  are  gmermllj  iwelled  and 
opened  to  allow  3>e  interior  to  be  repainted  in  order  to  pre- 
vtM  their  rapid  dettmetaon  Igr  oijdaoon. 

"nte  lower  chorda  are  nade  by  apeetting  the  ealai;ged  eye 

de.  b/  GotDprewitiK  tbem  when  hiffalj  heated  into  moaJUi 
Or  dun.  The/  are  aftenraide  forged  and  rewelded  uiider  a 
hammer. 
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Plf.  I?4A— GnMMedMketaMaf  itta  tenia  «<  poic  Had  la  i  Uc 


Tlieae  weldleea  chorda  and  tubular  pc«to  havo,  in  inanT 
eases,  BUf>er«eded  older  furms.  Tlie  lower  chords  C  C  diepoeed 
at  each  aide  of  tlie  ^uepciision  ties  D,  and  counter-tie  E,  and 
between  ribs  in  tJie  basea  G  of  the  ywts  or  etruts,  are  effect- 
nally  wnnbiiieil  with  the  slruts  aiin  lies  hy  means  of  a  oon- 
nectiiip-pin.  The  rendoiu!)'  to  l>end  the  coimecting-pin  is 
obviated  bj  this  distribution  of  the  stratus. 

The  pin  can  fail  onl}'  b^'  shearing. 

Fi-oni  the  cuuiii-ctiiig-piiifi  depend  loope  or  Budpciidcro,  1 1, 
vrliich  ftnpport  tlio  rolled  croB8-girder«  F,  that  Buatam  the  track- 
slrinpere  and  track.  The  upper  lateral  strute  of  wroiielit  or 
coht  iron  are  secured  at  the  oonnei^tingpinB,  the  ties  being 
attfit'lii-d  to  an  e^e-platc,  or  in  a  jaw-nut  secured  to  the  cod- 
necting-pins. 

Tlie  liitcrol  ties  J  arc  adjusted  bjr  ineana  of  sleeve-nuta  with 
right  and  left  band-ccrews. 

The  lower  laterals  K  K  are  attached  to  the  cross  girder*, 
and  adjusted  in  a  similar  uiunuer. 

The  bases  and  oajiitals  of  the  poets  are  made  either  of 
\«TOnght  or  cast  iron. 

To  seciue  greater  efficiency  in  the  struts  bj  dispensing 
with  the  round  bearing,  and  at  the  same  time  retain  the  pin 
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connection  bct\reen  tlie  cliorda  luid  tios,  the  lower  chorda 
wre  bmuylit  compautly  leather  between  and  outiiide  of  the 
bUBpcusion-tiog  and  Btidpeiidere,  And  a  beariuf,^  provided  on  the 
impor  ed^;^  of  tlie  eUoi-da  for  the  lowyr  ends  of  tlie  poets. 
The  apper  ends  slso  have  a  flat  l>caring. 

638.  Arched  Truss.  Fig.  175  shuws  tlie  general  form 
of  a  \VTuppiu  Archc*!  Tniw.  The  npper  chord  is  coiriKieed 
of  hollow  tubes,  made  in  eections  of  altont  a  panel  lenffth. 

63^.  Bellman's  Truss-  The  general  outline  of  Bolhnui^ 
TruBB  is  shown  in  Fig.  176. 

(5)    CE)   ffl    ro    (kl. 


Fte  Vn—'BdBaMft  Tn«  A  D^  D IL  «to.,  »m  miMoai  of  Ui»  apppv  dbotri— «u*  boo  Mid 
HBBUy  twllow.  S  C,  ■  F.  ate  an  boOov  «Ht-Iiva  puMi.  AO^  OB;  ^F,  FB,  ohL,  an 
bmilott  roda;  D  P,  O  B.  MA.,  an  v^at  nda. 

One  of  the  leading  features  of  this  brid^  is,  the  load  at 
each  poet  or  joint  is  carried  directly  to  the  supports  at  the 
ends  tiv  means  of  a  pair  of  tension  (or  8ii8i«iision)  rtKls. 
Tims  a  hiad  at  E  is  supported  hv  the  post  K  F,  and  is  thence 
supported  by  tlie  rods  A  F  and  V  U.  The  panel  i*ods  D  F, 
E  C,  E  G,  etc.,  serve  to  keep  the  upper  chord  in  place,  and 
in  eaf^e  of  an  undue  strain  u]h>ii,  or  failure  of,  one  of  the  long 
Buspennion-rods,  maj  transmit  the  strains  to  the  otlier  mem- 
btira  of  the  tme&. 

The  BUfjpension  rods  being  of  aneqttal  length  will  be 
ononuftlly  elongated  or  contracted  by  the  same  strain,  or 
by  changes  in  the  temperature.  In  order  to  prevent  severe 
croee  strains  npontlio  posts  dne  to  lliesecanses,  the  suspension 
rods  are  connected  to  the  lower  ends  of  the  posts  by  means 
of  a  link  which  is  a  few  inches  in  lengtl),  and  which  pennits 
of  a  small  lateral  movement  at  the  ends  of  the  rods  witlioiit 
any  correfijKmdiiig  movement  of  the  iK»tte.  The  sn.spiMit^iiiii- 
rods  are  made  of  flat  iron,  and  (>asd  turough  tlic  cuds  of  thd 
upper  cliord  where  they  are  secured  by  means  of  pins  which 
pass  through  the  ends  of  the  churds. 

If  the  roadwav  passes  aboro  the  upper  choi-d,  it  is  called  ft 
deck  bridge,  and  the  lower  chord  may  be  dispenand  vith. 
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W  dm.  KvommcQ. 

Bat  ff  It  piMM  OD  the  lerel  of  the  lover  chord  (Fig.  17<Sa.) 
the  lower  chord  Ruir  be  ritnplj  Hupended  apoo  tlw  posCe; 
u)d  not  be  depended  upon  for  resistiag  tenwm.  The  lower 
cbord  in  tUa  cue  nuy  also  be  endrelT  diipemed  with ;  for 
ciDw^ie*,  or  joista,  ma;  be  Kcnred  U>  the  poati  and  knigi 
tndinal  jninta  be  plaeed  npon  them.  If  tlie  lower  chora  it 
oaed  and  i*  made  oontinaoQa  ao  aa  to  reatat  teonan,  it  nr> 


*T 


nB.in& 


tnaUr  changes  it  into  a  Whipple  tmia  in  which  the  long*  bos* 
pennon-rodft  are  unnecessarv  membera.  Still,  in  tliis  caae, 
the  tmsB — eapeciallj  the  panel  rods,  are  not  ao  proportioned 
aa  to  make  it  Mife  to  omit  the  long  BuapenBion'rona. 

688.  Fink  Truaa.    The  oatUne  or  eaeleton  of  a  Fink  tmaa 
ia  shown  in  Fig.  177. 


y 


'     ^    J 

fli-  ITT— rtak  TraM,    A  Blh*«mrflhard.  alOm  l«wv  Aafd,a  ^ft^Ma.,  wa  pwU. 
A  A  0  B  woe  MHp«uloo-fDdti.    A  A.  A  D,  Ma^  ataooduT  mipMiMMi-nAk. 

This  trau  coiisi&ta  of  a  primarv  syHtem  of  king  poets,  A  0 
B,  Fig.  177 ;  two  Bocondan"  syateiiiB^  A  A  D  and  1)  i*  B;  four 
tertiary  evstems,  A  g  b,  oi  D^  \ij  ct,  and  0  /  B,  and  ao  oo. 
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Tlic   poet6,  Buspension-rods  and    chords  iribv  be  similar  in 
detail  to  the  ayateme  previously  described. 

The  noted  Lonisville  bri<^,  acroaa  the  Ohio  River  at 
C/iuLBriUo,  is  made  upon  this  plau. 

DIHEKBIOHS   OF  THE   LOnSTILLB   BRIDOI. 

It  is  5^94  feet  lon^,  divided  into  the  following  spans  froir 
centre  to  centre  of  piers; 

Kentackv  ahntment S2.5  feet. 

a  B^8  of  SO  feet 100.0  " 

1  pivot-draw  over  canal 264.0  ** 

4  spans  nf  149.6 598.4  " 

2  spans  of  I«0.0 360.0  « 

2  spans  of  210.0 420.0  " 

2  Bjiaiis  of  227.0 454.0  " 

1  Bjian  of  370.0 370.0  *' 

6  spans  of  ^43,5 1,478.0  " 

1  span  of  400 400.0  « 

BepansoflSO 540.0  « 

Ispanof  149.6 149.6  " 

1  span  of  100 100.0  " 

Indiana  abutment 82.5  " 

Total  length 5,294.0    « 

639.  Post's  Truss.  The  main  pecnliarity  of  this  tniss  la 
in  its  form.  The  upper  ends  of  the  posts  are  carried  towards 
the  centre  of  the  hrid^,  an  ninouiit  equal  to  half  a  bay,  and 
w  all  the  bays  are  equal  tlie  po^ts  in  each  half  of  the  truss  are 
all  parallel  to  each  other  (Fig.  178). 


He  l1S-~«Ut  Ttaw  0(  [iui«b  of  «  PoM  TnMK   JLAsnilraU.    B  B.  VMJn  Um. 
Uh.    a  a.  boctoni  cbMit*.     I  I,  too  dianV.     0,  <Bda  of  Omff-tMrna.    O.  |u* 


.     OQ,«NtiiHr 


T^t.  1W  §>■*■  Malli  ■(  k  b'Bl  ■>'  *>*  kxivr  ^innL  Tub  om*-Iiqb  block  for  mwtrtnf 
thfl  Midi  of  iIm  bortumial  cfe-radi.  K  U  >■  Irat  bak  wMdl  pwHa  ihrooch  Uia  «a<U  of  tiM 
Unk*  whkb  form  Ui«  hnrv  dwtd.  Tha  oBiv  Mtn*  rafaw  l«  tka  (hd*  pwta  aa  la  tit*  i>na*d 
iBCflgnna. 

DBSORIPTION   OF   F0ST*8   IRON   BBXDOE. 

A  A  (Figs.  1T8, 179, 1^S0  and  181)— Are  the  gtntfji,  cam 
\Mjecd  of  two  rollt^-iron  clinnnel  bars,  with  jiljites  rivoteJ  uii 
their  flangCB,  forming  a  hollow  colninn  having  a  renIaiijjiilAr 
□roB6-8€(!tion.    The  struts  are  swelled  m  the  centre  by  spring 
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iiig  tlm  chamiel-ban  and  bavlug  tho  plates  sheared  to  the 
reqiiirt'd  shapo. 

The  Ix^riuiiiB  of  the  BtrutA  upon  the  pins  (K)  are  of  eithei 
nut  or  wrought  irau,  and  are  cncloaed  between  the  Bide-p!ate», 
atid  abut  lu^iiust  tlie  cluuiriel-baru^  and  are  riveted  to  botli. 
Tlio  pin  liolce  are  bored  thi-ntigb  sluiee  and  plates. 

ii  U— Are  the  main  tiet^  or  main  stispeusion  braces,  and 
arc  made  of  flat  bar-iron  with  die-forged  heads  at  the  ends, 
bored  out  to  fit  the  pins. 

C  C — Are  the  counts  tim^  made  of  round  iron,  with 
forged  eves  at  ihe  ends  to  receive  the  pins,  and  having  turu- 
bnekles  at  a  convenient  diBtaiiee  from  the  bottom  end,  for 
purposes  of  adjuBtnient. 

D  0 — Are  the  floor-beams,  suspended  in  pairs  from  the 
chord  pins  at  each  panel  point,  b,v  meaus  of  eye-bolts  or  by 
stirrups  pa^aing  over  the  chord  pins  and  under  a  bolt  through 
the  webit  of  the  beams. 

E  E — Are  the  bottom  chord  bars  or  links,  made  of  flat  bar- 
iron,  witli  die-forged  heads,  and  Ixjred  holes  for  the  chord 
pins.  The  sizes  of  the  bars  in  the  respective  panels  are  de- 
tei-mined  by  the  strains,  the  first  and  second  panels  having 
two  bars,  the  tliird  and  fourth  havuig  four  bars  cacli,  the  fifth 
and  sixth  ba^Hng  six  bars  each,  etc.,  to  the  centre  of  tlie  span. 

¥ — Is  a  bottoiH  lateral  brace  angle  block  of  cast  iron,  fas- 
tened to  the  ends  of  the  floor-beams,  which  form  the  bottom 
lateral  (^trut 

G  G. — Are  the  lateral  brace-rods,  of  round  iron,  having 
screws  and  nuts  at  tlieir  ends,  for  adjustment 

H  H— Arc  top  lateral  Btnita,  made  of  rolled-iron  |  beams, 
or  channel  liant  in  pairs.  These  struts  have  a  cast-iron  shoe 
at  their  ends,  and  ai-e  bolted  to  the  top  plate  of  the  top  chord, 
by  bolts  passing  through  ahoes,  top  ulate  of  chord,  ajid  through 
*Jie  joint  box  in  the  top  chord.  The  top  lateral  hrat«  nwa 
pass  throii<;h  the  cast-iron  shoes,  with  nuts  on  the  outride. 

I  I— -.cVre  the  top  chords,  \rheu  made  of  wrought  iron 
they  are  eompoeetl  of  cliainiel  bars  wlili  covering  plate  rivet- 
ed to  the  flange«  on  the  top,  and  bars  riveted  at  iutorvah 
acroee  the  bottom  flanges,  cither  diagtmally  or  straight  across 
to  keep  the  channel  bar^  in  line.  Additional  sectional  area  is 
obtained  by  riveting  ]>1ato8  on  the  inside  of  the  clmunof  bars. 

The  top  chords  are  made  in  panel  lengths,  with  their  endi 
squared  by  machinery  to  insure  true  bearings — and  when  of 
oast  iron  have  a  rectangular  cross- eection,  with  the  inside 
oared  out  to  obtain  the  neoeeeary  aeotionaL  area  to  provide  foi 
the  compreesiou  strain. 
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The  oonnectiuQ  ul  tlm  stnita  and  main  and  ottinter  bi-acei 
i."^  m&de  bv  meaim  of  a  pin  [wssiitg  tltn>tiur)t  a  ca^t-iron  box 
whk'h  encloses  the  mall,  till-  length  of  llie  pin  la-iiig  jiiel  equal 
to  the  widtli  (if  tlie  box.  Tlu-  tu|»-choni  switiona  have  a  receaa 
uIultIi  litg  over  the  bo\,  and  wbun  the  couiiuctiuu  is  nuuiu  in 
ihi;  Ik)X  the  pieiK»  of  top  chord  are  laid  on,  and  cover  the 
whole.  The  joint  is  then  setmred  bv  thu  bolt£  which  pa«d 
through  the  top  lateral  stnit,  top  diord  and  joint  box. 

DE&CHUPnON  or  post's  "  COtCBINJLTION  "  OH  "  cwuposm  "  BBnSOB. 

This  bridge  ia  oompoecd  partly  of  wood  and  partly  of  iron, 
as  shown  in  Figs.  ISla,  ISIA,  and  181c 

A,  A — Top  cliord,  packed  and  framed  as  shown  in  Figs. 
181a  and  18U. 

B  B — Struts,  framed  with  square  end  at  the  U)p  entering  and 
abutting  against  joint  box  E  (Fig.  1S1&)  and  fitted  at  bottom 
ends  into  strut  ahoe  K  (Fig.  ISlc). 


0  0 — Main  suspension  ties,  of  square,  ronnd  or  fiat  iron, 
with  eye  at  Inwcr  end  and  surow  at  upj)er  end,  passing  tlirougb 
joint  box  E,  secured  by  nnts. 

D  I) — Counter  braces,  of  square  or  round  iron,  made  sim- 
ilar t<j  main  ties. 

E  E — Cast-iron  joint  boxes  cnclnsed  in  top  chord,  and 
recoiving  Iho  struts,  main  ties  and  cfmntera. 

This  Iiux  has  a  tlauee  around  the  bottom  to  support  the 
weight  of  the  top  chord,  which  liee  ii|>ou  and  is  boltcKl  V)  it 
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ftnd  drilled  holes  for  diord  pins  paaung  through  flanges  at 
ribe  below  the  sockets. 

640.  Alleghany  River  Bridge  at  Pittsburgh,  Pa.    Thit 
U  a  lattice  iron  bridge  (Fig.  183),  and  is  similar  to  ficveral 


other  Btntctnres  which  have  been  made  in  this  oountry.  There 
is  a  similar  one  on  the  New  York  Centnil  Railroad,  at 
Scbenectadv,  N.  Y.,  and  another  near  liome,  of  the  same 
State. 

e4L  St.  I«0ul8 ana  niinoia  Bridge.  This  notpd  Htriictare 
might  properly  be  called  a  steel  arch.  It  consii^tfl  of  three 
spans,  the  central  one  o{  wbich  ib  615  feel,  and  each  of  the 
end  ones  497  fwet  There  are  eight  arches  in  each  span,  ar- 
ranged in  seta  of  two  and  two  ;  and  in  each  set  one  arch  is 
directl)'  over  the  other,  and  the  two  are  trussed  together  bv 
link-bara.  Tbe  arches  are  composed  of  steel  tubes,  wbicli 
are  made  of  steel  slaves,  as  will  now  he  explained. 

All  the  steel  in  this  structure  is  of  the  very  best  quality. 
The  standard  6xed  for  it  by  the  Chief  Engineer,  Capt  Eads, 
was  so  high  as  to  make  it  almost  impossible  for  our  best  steel 
manufacturers  to  produce  it    The  coefficient  of  elasticity  was 


n§,  18>  e*cUin>  of  »  ube,  St.  Lank  ud  nUnow  Bride*,  o  n  It  t  iMcl  auHoir  ftbtnl 
thTCMlgAllM  of  u  lutt  OtfclE.  wbM  ■■  lamd  «nT,  ud  rtr«t*d  Illm  lh«  pktM  of  «  Kwiii-bollB. 
K  *  H«  (tnintni  vhldi  art  fontd  tow  tbt  otatefr 

A  A,  ingm.  in  utd  IN,  an  craw-iwU  lav  raoiMcdnv  ihn  aivkM  t^fihcr  IMmwUt. 

B  D  B  «r«  4l<aK«nal  thIh  in  ■  mXiai,  Ibr  mmuxtlbc  tha  ai>p*r  vrh  in  ons  Mt  to  ih«  lowv 
vck  Is  Uw  ad)iiwbl  KM. 

0  C  C  w*  dUffmal  rhU  in  Um  pluo  of  th«  tnba^  rnr  Moimtlnc  U^"  }olnt  of  mmi  «m  wlili 
tb«  Mm  wUckutlBMlnaaat  or  teckot  the  oanM|«adl^  joint  !■  tttaadjaoantaat. 

D  b  •  nHlatl  dUwoaal  rod  fbc  Inwrfng  lb*  nadwa^, 

E  K  HO  II Hid  verthsl  pn«^  Iha  lorn  «adi  of  wttah  m  MOVBd  to  tba  arah,  Md  Ita 
iqrpw  nil*  Mpvon  tb»  raMlwaf, 


Fto.  IM— b  ft  cTawMcdon  ol  two  irelH« 

«l  Um  brldcr.     Tva  aeU  of   tntn  irhtcti 

hinn  (be  mnfb  an  ■hown,  oIb  Ike  poaU 

Uki  Kdo  which  han*  Imb  dtacTibai  alKMi^ 

r  P  U  tti«  trvh  tor  •  Tkfliti«d :  tte  «» 
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to  be  between  36,000,000  pound*  4nd  30.000,0  Hi  jwumU,  uid 
it  was  to  sitstain  a  Btrain  of  60,000  poitnds,  witliout  prodncing 
a  |>ernuuient  set. 

All  the  workmanship  n  of  a  higher  order  than  is  osual  in 
bridge  oonstniclioiu  Spwnal  nuchince  and  tools  wero  niAde 
for  uuUune  the  seTeral  joints.  An  error  of  one  thir^'-eeoond 
of  an  iucn  uiigbtf  in  ino6t  caGos,  be  rery  troublesome,  if  not 
fataL 


flib  IB-aom  ft  iM*  fltw  «4  ■  pmttea  tf 
tta«nh. 

tbt  MO*  E«rta  M  la  P%l^  188  Mrt  L8k 


tloo  at  tb>  «i>Hr  fMdwn. 
I  I  !■  Iki  gutiMMM. 
U  I*  iha  Ato-tnk. 


tt  m  par 


Tlie  tubes  are  straight  thronghout  their  length,  but  the 
ends  are  planed  off  in  the  direction  of  the  radius  of  the  arch, 
so  that  the  arch  is  realty  a  polygon  haWnp;  short  sidea.  Seve- 
ral rectaiitfiilar  ar.nular  f^rooves  are  cut  near  the  ends  of  eaeli 
tvbo;  and  after  the  tubes  are  put  in  place,  their  ends  abnt- 
ting  against  each  other,  they  arc  joinea,  and  fimily  eecnred 
by  means  of  a  heavy  and  nieely-titted  iron  coupling.  In 
tliia  way  the  arch  is  made  ooittinuouB.     A  strong  steel  pin 
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emaet  thmogfi  tho  coupling  and  the  ends  of  tlie  tiibee,  one 
Lalf  of  the  piu  bein;;  m  each  tube.  One  length  of  t'be  is 
put  up  nt  a  tinio,  and  is  connected  to  all  the  otliers,  M-hioh 
are  properly  placed  by  cross-iwU,  A  A,  Fig«.  1S3  and  184, 
and  also  diagonal  i»ds  0  C  and  B  B.  The  diagonal*  G  Q 
are  also  secured.  These  are  secured  to  tho  pine  v  c,  Fig.  IS5. 
Tho  verlittal  poata  E  E,  wliich  6npp<»rt  the  i-ailrund,  are  trnswed 
by  means  of  diagonal  bars,  as  ebown  in  Fig.  1C!4.  Each  skew- 
back  of  the  arch  is  secured,  to  tlie  abutments  by  means  of  two 
six-inch  sleel  rods  or  bolts,  which  pass  Utnmgb  tlie  wroucht- 
inm  skew-backs,  and  several  feet  into  the  masoury.  This 
bridge,  when  c^jmpleted,  will  be  odo  of  the  most  remarkable 
■truotures  of  its  kind  in  tlio  world,  and  can  hardly  fail  to  es- 
Ubltsh  many  important  principles  in  iron  Btructui-ea. 

642.  Kutlcnberg  Bridge.  The  &pan  of  this  bridge  is  about 
the  same  a^  that  of  t}ie  St.  Louis  hihI  Illinois  bridge,  as  will 
be  seen  from  the  following  dimeixsions.  The  lower  chord  of 
thi»  bridge  (Fig.  187)  is  horizontal,  and  the  upper  chord  ie 
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lOi  1ST— XDlknbw  BrtdfT.  Bpui  bmreon  tbs  Uintmnin,  tfitf  mrisr^  TmkI  Ioi«t1i.  U* 
dBdfitC  the  pMta  on  llta  ■butntmu,  154.S  nMten  (ktimn  010  tnt^  Lmgth  of  Mcli  bkj,  4 
■MBK    DipUiof  Uw««attb*«atn,aDDM«n. 

Ihe  arc  of  a  circle,  liie  radins  of  which  is  S09  feet.  It  is  of 
the  general  plan  of  the  Pratt  or  Wliipple  systdtaSj  ouly  that 
the  upper  chord  ia  carved. 
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643.  Tubular  Framea  of  Wrouffht-Iron.    Except  for  the 

obvious  application  to  steam  boilers,  sheet  iron  had  not  been 
coni>idcn-'d  a&  suitable  for  struct  urea  demanding  great  strength, 
from  its  apparent  deticiency  in  rigidity;  and  althuugli  the 
principle  of  gaininjc  strengtn  by  a  proper  distribution  of  the 
niaierml,  ami  of  giving  any  desirable  rigidity  by  combination! 
adapt<;<i  to  tho  object  in  view,  wore  at  everv  moment  acted 
njjon,  fiTjm  the  ever-increasing  demands  of  tte  art,  engineers 
ieein  not  to  have  looked  upon  sheet  iron  as  suited  to  such 
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purpOBee,  niiUl  an  extraonliuary  case  occurred  which  sccniod 
about  to  ImlBe  all  the  iiieaos  liitlierto  employed.  Tho  occ» 
fiion  arij^o  when  it  became  a  quci;tinn  to  throw  a  bridirc  d 
ri^d  material,  for  a  railroad,  at-rose  the  Menai  Siruits;  siifr- 
peiiuon  aystemR,  from  their  tlexibilily,  and  some  aelnal  fail- 
iirt«,  being,  in  tlio  opinion  of  tlic  ablest  European  euglnecTB, 
uti^'jitable  for  this  kind  of  uommuiiiu&tion. 

Robert  Stcphenswjn,  who  for  some  years  held  the  htshest 
rank  amuii"^  Knplish  enj^imwrs,  appeare,  fnmi  uiidi^pnteQ  t« 
timony,  toTia\e  been  the  first  to  entertain  tlie  novel  and  bfild 
idea  of  epanniiu;  the  Strattii  bv  a  tube  of  sheet  iron,  supp^'rted 
on  piej-B,  of  siifficieiit  dimomions  for  tho  paseage  wilhtn  it  of 
the  usual  trains  of  railroads.  The  preliminarr  experiments 
for  testiuc;  tbe  practicability  of  this  conception,  and  the  work- 
ing out  of  t3ie  detAils  of  its  executtun,  were  loft  chicflv  in  the 
handB  of  Mr.  William  Fairbairii,  to  whom  the  profession  owea 
manv  valuable  papers  and  facts  on  professional  topiea.  Tliii 
gontlemnii,  who,  tu  a  thorough  arqiiaintaitce  with  the  mode 
of  eondncting  Biich  experimeiitfi,  united  great  zeal  and  judg- 
ment, carried  through  the  task  committed  to  bini;  proet-ed- 
ing  step  by  step,  until  conviction  en  firm  took  tlie  place  of 
apprehension,  that  he  rejceled  all  su|!^e«tions  for  tlie  u^  of 
any  auxiliary  means,  and  urged,  fro?n  bis  crow^Iing  experi* 
ment,  reliance  upon  the  tube  alune  ad  e^ual  tu  tlie  end  to  be 
attained. 

Numeroiu  experimeiilH  were  made  by  him  ui>on  tubes  of 
eii-cular,  cllipticJtl,  and  rectangular  croea-set'tioii.  Tlie  object 
(rhiefly  kept  in  view  in  tliesc  exjK^riinnnlfi  was  to  diMfnnino 
the  form  of  crow-*«ction  which,  when  tbe  tube  was  gubniiited 
to  a  cntis  strain,  would  present  au  equality  of  resistance  iu  tbe 
parts  brought  into  compreesion  and  extension.  It  was  showo, 
at  an  early  Etage  of  the  operations,  that  tho  circular  and  ellip- 
tical forms  were  too  weak  in  tlie  parts  submittt^  to  eonipres* 
sioii,  but  that  the  elliptical  wha  the  stranger  of  the  two;  aiid 
that,  wliatever  furni  might  bo  adopt*'d,  extraordinnrj'  means 
would  be  reqnit*itc  to  prevent  the  part  •  Bubiuittwl  tu  eompn»- 
sion  from  yielding,  by  "puckering"  and  doubling.  To  meet 
tliia  last  difficulty,  tho  ftirtunate  expedient  was  hit  upon  of 
making  the  part  of  the  main  tube,  upon  which  the  strain  of 
compression  was  bi-ougbt,  of  a  series  of  smaller  tidice,  or  cell* 
of  a  curved  or  a  rectangular  crof*-«ocl.ion.  The  bitter  form  of 
section  was  adopted  dotinitively  fur  tlie  main  tube,  as  having 
Yielded  the  most  satisfactory  rosiilta  aa  to  resistance;  ajid  also 
iter  the  smaller  tubes,  or  cells,  as  most  easy  of  ecmatractioB 
uid  repair. 
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As  a  iletail  of  eacli  of  tliese  experimenis  would  occtijiy 
more  Bom^o  than  can  be  p\en  ill  this  work,  that  alone  of  the 
tnbe  which  guve  resulte  that  led  to  the  forms  and  diinetisioni 
adopted  for  the  tubular  bridj^subaeqiieiitljr'construetecl,  will 
be^iven  hi  thtA  place. 

644.  Model  Tube.  The  total  length  of  the  tnbe  wa«  78 
feet.  The  distance,  or  bearing  between  the  |H>int8  of  auppoH 
on  whicii  it.  was  placed  to  test  its  strength,  was  75  ft.  Ttital 
deptli  of  the  tnbe  at  the  middle,  4  ft.  (^  in.  Depth  at  each 
extremity,  4  ft.     Breadth,  2  ft.  8  in. 

The  top  of  the  tii!)e  was  wjinposed  of  a  top  and  bottom 
plate,  fi'nneii  of  pieces  of  sheet  iron,  abniting  end  to  end,  and 
connected  bv  uarn>w  strips  riveted  to  them  over  the  jniuta. 
These  i>lates  wci-e  2  ft.  11^  in.  wide.  Tliey  were  CJ  in.  apart, 
and  connected  by  two  vertical  Bide  plates  and  five  interior 
division  plates,  with  which  they  wore  etrougly  joined  by 
angle  irmis,  rivete*!  to  the  division  plates,  aud  to  tlie  top  and 
bottom  plates  where  they  joined.  Eat:h  cell,  bet^vcen  two  di- 
rision  plates  and  the  top  and  bottom  platee,  was  nearly  6  in. 
wide.  Tbo  sidee  of  the  tobe  were  made  of  plates  of  sheet 
iron  bituilarly  connected;  their  depth  was  3  ft.  6f  in.  A 
■trip  of  angle  iron,  bent  to  a  cnrved  fihape,  and  rimiiiuf;  from 
the  buttuin  of  each  end  "f  the  tube  to  the  top  just  below  the 
cellular  t>art,  was  riveted  to  each  airlc  to  give  it  stiffness.  Be- 
sides th].s,  prcuaiitions  were  tinally  taken  to  stiffen  the  tnbe 
by  diagonal  braces  within  it  The  bottom  of  the  tube  was 
fonned  of  eheete,  abutting^  end  to  end,  and  secured  to  each 
other  like  the  top  platen;  a  c^mtinuons  jfiint,  rutining  the  en- 
tire length  of  the  tube  along  the  centre  line  of  the"  bottom, 
was  scoured  by  a  continnous  strip  of  iron  on  the  underside, 
riveted  to  the  plates  on  each  Bide  of  the  joint.  The  entire 
Midth  of  the  Iwttom  was  2  ft.  11  in. 

The  sheet  iron  composing  the  top  cellular  portion  was  0.147 
in.  thick ;  that  of  the  sides  d009  in.  tliiek.  The  bottom  of  the 
tube  at  the  final  experimenta,  to  a  distance  of  20  ft.  on  each 
Bide  of  the  centre,  was  composed  of  two  thicknesses  of  sheet 
iron,  ea<!h  0.25  in.  thick,  the  joints  being  secured  by  strips 
al>ovc  and  below  tbein,  riveted  to  the  sheets ;  the  remainder, 
to  tlie  end  of  the  tube,  was  formed  of  sheets  0.156  in.  thick. 

The  total  area  of  sheets  C->mpo6ing  the  top  cellular  portion 
was  24.024  in.,  that  of  ttie  bottom  plates  at  ttie  centre  portiou^ 
22.450  in. 

The  general  dimonsions  of  the  tnbe  were  one  sixth  thoee  of 
the  prot)0£ed  structure.     Its  weight  at  the  final  experiment, 
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The  einjorimcnts,  aa  already  stated,  Tccre  condnctod  with  b 
view  to  (iStain  nii  eciimlify  lielwuen  tlie  resiftlauces  of  the  \mt\jf 
strained  l)y  compreseion  and  thtise  extended  ;  witli  this  ol)je<  I, 
at  tlio  cud  of  each  experiment,  the  part«  torn  asunder  at  the 
butt()m  were  replaced  by  additional  pieces  of  increased 
strength. 

The  foUou'hi^  table  exhibits  the  results  of  the  tinal  ex}>eri> 
mouta :— > 


No.  Ot  ExperltnenU. 
1 


10. 
U. 
19. 
IS. 
U. 
Ifi. 
16. 
17. 
18. 
19. 
SO. 
91. 
99. 
98. 
94. 
96. 


Wdffht  in  Iba. 
.  20,006... 
.  35,77B... 
.  4S,878... 
.  62,274... 
.  77,534... 
92,a99... 
.108,360... 
.1)4,660... 
.132,209... 
.138.080... 
.143.742... 
.1*8,443... 
.153,U27... 
.157,723... 
.161,88«... 
.164,741... 
.107,614... 
.171,144... 
.173,912... 
.177,088... 
.180,017... 
.183,779... 
.186,477... 
.189,170... 
.192,892 


DsOoetlao  io  iuofa* 

0.55 

0,78 

1.13 

1.48 

1.7S 

2.12 

2.38 

, 2.70 

, 3.05 

8.28 

3.40 

8.^R 

3.70 

3.78 

8.88 

3.98 

, 4.10 

4.23 

4.38 

4.4T 

4.55 

4.63 

4.73 

4.81 


The  tube  broke  with  the  weight  in  the  25th  experiment  \ 
the  celliilar  top  yioldiu^  by  puckering  at  alMjut  3  feet  from 
the  point  where  the  weight  waa  applletl.  The  buttuin  and 
Bides  remained  uiiinjnred. 

TJie  ultimate  detlecliun  was  4.80  in. 

645.  Britannia  Tubular  Bridge.  Nothing  further  than  m 
suecinut  description  i>f  this  niarvei  of  engineering  will  hn 
attempted  hero,  and  only  vrith  a  view  of  ahowing  the  arrange- 
ment of  the  parts  for  the  attainment  of  the  proposed  end 
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It  differe  in  its  general  Btnicturo  from  tlie  model  tnbe,  chieHy 
in  liftving  the  bottom  formed  like  the  top,  of  rectangular  cells, 
and  in  the  racauB  taken  for  giviiij^  Btififiiees  to  the  glides. 

The  total  distance  spanned  bv  the  bridge  is  1,489  ft.  Tliis 
IB  divided  into  fonr  bays,  the  two  in  the  centre  being  each 
460  ft.,  and  the  one  at  each  end  230  ft.  each. 

Tlie  tube  is  l.r»2-i  ft,  lon^.  Its  bearing  on  tlie  centre  pier 
Ib  45  ft. ;  that  on  the  two  interniefliatc  32  ft;  and  that  on 
each  abntment  17  ft.  6  in.  The  lieip^ht  of  the  tube  at  the 
centre  pier  is  30  ft.;  at  tlic  interracdiato  piers  27  ft.;  and  at 
the  ends  S3  ft  Tliia  gives  to  the  top  of  the  tube  the  shape 
of  a  parabolic  cnrve. 


^ 


rV.  18S— B«|iw— ou  «  nrtlek!  en*^mcat»  ^  lb*  BrtUeab  Bfldc*- 

A.  Iiitemr  nl  Midff*. 

ft,  oMm  of  tnp  cilliiUr  b^m. 

€;  ntlli  of  botun  odDuiw  btMn. 

0,  ear  lOuM  •(  up  10)4  batum  iMwaa. 

i,  bcrttocn  piau*  of  top  u>d  bottam  bcami. 

JdWIidm  pflAiM  ol  too  mi  ^)o^p^  bn&wL 
ud  i,  «npa  rtrrtfd  tn«r  Ibc  Jotnla  at  ti>p  >Bd  taotiMn  fiatm. 

Hi  pauec  «(  ■Lda  ot  tba  tnlM  A. 
A,  eztivlDrT  Ircns  ilf  iwd  onr  VMtfal  taliin  et  0^ 

i,  iBimoT  T  \tvam  ri>«««d  vtn  rmidtl  joliiU  Of  g,  bikI  bccit  at  Ui«  aagittol . 
log  bmnd  Ibt  PMOIU]  Ttl  u(  Uie  lov  iMmat,  and  tvjood  Uib  UrM  'rf  Ihm  b««( 
IS  •—"gl^r  pUsM  OB  «Mb  Mda  at  I,  mmi  rlvcud  to  tham. 


l*iiaid 


i-naniL  iiarFi»  c  ;•:*•. rij^**-!  -rr^.  -ajt  -i.r.  £.  juic.  ^.n.ni-  /.  ":« 
«MCje  jnfBF  :_  r.-wui  *;  -^it  ^idcat  •niiMKri*'^    Tim  £i£*s^sis 

vn^ti  2r.03t. 

'tji»9c  t;n^   .if  "die  ffki:i^  ':Lfrc:aK  k:  "^  ^xss::^.  sa«i  ■aec 
ttLJt  *rt  1  *5.>  1:1,  VT  1  n.'?  i=.  o^  w  *,.  «f--'T  «  ma  far 

mi*em  j«»«f(»»v>.  "i**:  ::i=l:*w  •:^  J  .cra^~:i»  seea  for  tbe 
fc^aw  cf  tE*  ^j  Tiere  =Lfc>=r  ir  *:.  ^.c^.  Tj-  r-"^  srSrieos 
Knr^^i.  v>  rttis:  tLe  gr**:  reiif '>  smiz-  :z»e  ^:^  ftad  S^ftjoi 

:rA-  tent  '^at  U_v*rf  r^r^ii;:^  •-  xi.:  vi^  tie  .cber.  Tbe  •  -cats 
<A*f  ti*  dlvU^j^  j.l*.*t^  »ft  ««--r«i  i.T  »-jrl*  ir.cs  v,  m  the 
t&s:.^  .f-anrj^r  u  lii  tl*  '.TEllti-'ar  t-  p.     Tbe  ;-x::i5  :«e!r«^eeo  tbe 

vil'.-ii  4.-*;  ii^tftnt-i  ":._v  rivets  th*:  ra*  t-^ji^  'be  TripSe 
thi'-'ic-'-fSw  of  ?r-«r*je  a;  TLe&e  j:->:r.:.T.  T:-e  rives,  f-.-r  «n*Liii^ 
gr«ftter  ^rr»::.;rri*  a:  rriesr^  po:rit«.  are  :'::  V.z^e-  leitr^Hw^lse  of  the 
crlL  Ti*r  tiif^'j*  f'jrznizi^  t:.e  toj»  aL,d  l-iitti-m  plates  of  tlie 
etlU  are  ^^^ii.-*  '^f  a:i  '.xi't'ix  «  tbe  centre  vf  the  tu*:*,  and  de- 
crease Xff  Vft:.:  a;  the  ends.  TLe  dlri^ivD  plates  are  ^thf  in 
the  middle,  arid  ^th^  at  the  erids  of  the  csbe.  Tbe  riveO  of 
tbe  top  and  \jtAXf}ni  platee  are  1^  in.  in  diameter. 


J>,  mum  ttntiaa  atai  omtr*  -if  bcvlcfc 
A,  aiUviovT  bow. 
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tbe  c^lhilai  top 
lis  ul 


Tlie  sides  of  the  tube  (Fij?.  133)  between 
and  ItuttiMii  aru  foriitcil  of  f^hects  g^  2  ft.  wide ;  tho  leii^li 
which  are  so  arraiigod  that  there  are  Bitcnmtely  lliree  and  four 
platBB  ill  each  jmiiel,  the  sheets  of  each  pauel  abutting  end 
to  end,  and  ftiniiiti<;  a  oontiniiniis  vertical  joint  between  the 
iidjaceiit  pant^is.  Those  vertira!  joints  are  fteuiired  bv  striui 
of  iron,  ft  aud  i,  of  the  T  croea-section,  placed  over  each  aiae 
of  tho  joint,  and  clamping  the  sheota  ot  tlie  adjacent  [«ncU 
between  tliem.  The  T  irons  within  and  without  are  finnlv 
rivetod  together  with  1-inch  rivets,  placed  at  3  in.  between 
their  centres.  Over  the  joints,  between  the  ends  of  tlic  sheets 
in  each  panel,  pieces  of  sheet  iron  are  placed  on  each  side, 
and  connected  by  rivet«.  The  sheets  of  the  panels  at  the 
centre  of  the  tube  are  ^^ths  of  an  inch  thick  ;  they  incrtiase 
to  ^ths  to  within  about  10  ft.  of  the  piers,  where  their  thick- 
ness is  again  increased  :  and  the  T  in>nR  are  hore  also  ini'-reased 
in  thickness,  being  composed  of  a  strip  of  thick  sheet  iron, 
clamped  between  strips  uf  angle  iron  woich  extend  from  the 
tm>  to  tJio  bottom  of  tho  joints.  The  oI)ject  of  this  incrcnao 
of  thickness,  in  the  panels  and  T  irons  at  the  pier?,  is  to  give 
safliciont  rigidity  and  strength  to  resist  the  crushing  strain  at 
tliesc  poinlti. 

The  T  irt^ns  on  the  interior  are  bent  at  top  and  bottom,  and 
extended  as  far  as  the  third  cell  from  the  sidee  at  top,  and  to 
the  second  at  t>ottoin.  The  projecting  rib  of  each  in  tlio 
angles  is  clamped  between  two  pieces, »,  of  sheet  iron,  to 
which  it  is  st^cnred  by  rivets,  to  give  greater  stiffness  at  the 
angles  of  the  tube. 

The  arrangement  of  the  ordinary  T  irons  and  sheets  of  the 
panels  is  ithown  in  croes-section  by  Zi*,  Fig.  139 ;  and  tliat  of  the 
tike  parts  near  the  piers  by  E,  same  Fig. 

For  the  purpose  of  giving  greater  stifuess  to  the  bottom, 
and  to  secure  fa^teniiigs  for  the  woo<leu  cnj«s  sleciiors  Uiat 
support  the  Um^itiidinal  lieams  on  which  the  rails  lie,  croes 
plates  of  sheet  inrn,  half  an  inch  thick,  aiid  10  in.  in  depth, 
are  laid  on  the  bottom  of  the  tube,  from  side  to  side,  at  every 
fourth  rib  of  the  T  iron,  or  6  ft,  apart.  These  cmss  plates  are 
secnred  tn  the  bottom  by  angle  iron,  and  are  riveted  also  tc 
the  T  irou. 

The  tube  is  firmly  fixed  to  the  central  pier,  but  at  the  inter 
mediate  piers  and  the  abutments  it  rests  upon  saddles  sup 
ported  ou  rollers  and  balls,  to  allow  of  the  play  from  con- 
traction and  expansion  by  changes  of  temperature. 

The   following  tabular  statements  give  tho  details  of  the 
dimenBiuDS,  weights,  eta,  of  the  Britannia  Bridge. 
38 
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646.  Formula  for  reducing'  the  Breaking  Weight  ci 

Wrought  Iroa  Tubes 

BeprcseiiUng  hy  A,  tliu  tutal  ai-eii  In  inches  of  the  croe»- 
Bcction  of  the  jtiotal. 
"  "    d,  the  total  depth  in  inches  of  the  tube. 

**  "    ^  t^o  length  in  inches  between  the  potiits 

of  support. 
**  "    C,  a  ooustant  to  be  determined  by  ex 

pcriincnt. 
"  "  TiV,  the  brtMiking  weight  in  tons. 

Tlien  the  relations  between  these  elements,  in  tubes  of 
cylindnc-nl,  elliptical  and  rectangular  cross-section,  wlU  be 
expressed  by 

Tile  moan  valne  for  C  for  cvlindrical  tubes,  deduced  from 
severnl  exnurinieiitf.,  was  foiniu  tii  be  18.03;  tliut  for  ellipH* 
cal  tubes,  15,l{;  and  that  for  rectangular  tubes,  21.5. 

647.  Victoria  Bridge.  Thiit  bridge  is  located  iicarMon* 
treal.  It  is  a  tubular  bridge,  a  croAa-MH-tiimof  which  ie^hown 
in  Fig.  l&O.  It  is  the  largest  Uridge  of  its  kind  in  existence. 
It  consists  of  tweulY-fonr  openint/ji  of  242  feet  each,  and  a 
ccDtral  span  of  3-10  let<t,  and  the  total  length  of  the  tulie,  in 
eluding  the  width  of  the  abutmentfl,  ia  6,o3S.  The  em- 
bankment formiup  the  ftppr<.>ach  at  the  ilontreal  end  is  1,200 
feet  lung,  and  at  the  soutti  end  it  is  bOO  feet,  making  a  total 
length,  including  tlie  aiipmaches,  of  nearly  8,000  feet. 

The  centre  span  if!  level,  but  each  side  of  tlia  centre  the 
bridge  falls  ou  a  grade  of  40  feet  per  mile. 


see 
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■ml  (tmi  Joint  plati& 

incroaeo  in  depth  to  the  middlo,  wliero  tliej*  are  16  foet  wide 
bj  21  feet  8  inches  deep.  Tlie  total  length  of  each  of  these 
double  tubes  IB, 

On  the  centre  pier 16  feet 

Two  n}>ening8  m  the  viear 484     " 

Kef-ting  on  tlie  east  pier »    8    " 

RcBtin^r  on  the  west  pier 8    " 

Total 516  feet. 

The  weight  of  eaeh  tnbeof  51fi  feet  ia  about  044  tonp.  At 
each  end  arc  seven  expansion  rolloru,  each  6  inches  in  diame* 
ter,np(iii  which  the  tubes  rest.  The  rollere  which  are  turned 
real  on  planed  efu»t-iron  l>ed  plflfes. 

The  centre  7«<t  is  24  foet  wide,  the  remaining  ones  each 
16  feet  wide  at  tlie  lx)p. 

The  work  of  laying  the  founrlntion  was  bcj^nn  in  1354,and 
the  centre  tube  was  put  in  place  in  March,  l(i59. 

The  HcafFolding  for  the  centre  tube  rented  on  the  ice  in  the 
river,  which  began  to  move  the  dav  after  the  tube  was  pnt 
in  place.  From  a  record  whirh  had  been  kept  of  the  break- 
ing np  of  the  ice,  it  was  preauuied  that  it  would  remain  sound 
several  dayg  longer  thun  it  did. 

The  foundations  were  made  on  the  solid  rmrk  bv  means  of 
coffer-dams.  Two  kinds  were  used,  one  a  floating  dam,  and 
the  otlier  a  permanent  crib-work;  and  each  poaecesed  ccrtaiu 
advantages  over  the  otiier  which  was  peculiar  to  itself  and  tr 
the  objects  which  were  to  be  Bccomphflhed. 
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648.  The  use  of  flexible  niatenale,  bs  cordage  aud  the  Uke, 
to  form  a  roadwav  over  chasms  and  narrow  watcr-coiu-Bes, 
dales  from  a  very  early  period ;  aiid  Btnictiiree  of  thie  char- 
ncter  were  probably  among  the  firat  nide  attompW  of  ingenu- 
ity, before  the  arte  of  the  carpenter  and  riiai*on  were  euf- 
ficieiitly  advaiifed  to  Ihj  made  Biib«>rvient  to  the  eanie  ends. 
The  idfta  of  a  siiepended  roadway,  in  ifs  simplest  form,  is  one 
tliat  would  naturally  present  iteolf  to  tlic  mind,  and  its  con- 
Bequcnt  construct  ion  would  demand  only  obvious  means  and 
but  little  metlianieal  ct>ntrivanre;  but  the  etcp  from  tliia 
Btage  to  the  one  ui  which  Huch  structures  are  now  found, 
sappoees  a  ^ery  advanced  stato  both  of  Bcicnce  and  of  its 
appiit-alion  to 'the  industrial  arte,  and  we  aeoordin^ly  find 
that  bridge  architecture,  under  every  other  guise.  waal)rouffht 
to  a  high  degree  of  jierfection  before  the  suspension  bridge, 
as  this  strnetnre  is  now  understood,  was  attempted. 

With  the  exception  of  stime  isolated  cases  xrhieh,  but  in  the 
material  employed,  differed  little  fn.'in  the  first  rude  struc 
tiircs,  no  leoorded  attempt  bad  been  made  to  reduce  to  syste- 
matic rules  the  means  of  susi>onding  a  roadway  now  in  use, 
nntil  alwut  the  year  1801,  when  a  pateut  was  taken  out  in 
t]ii«  country  for  the  purpose,  by  Mr.  Finlay,  in  which  the 
manner  of  hanging  tlie  chain  snpporlfi,  and  suspending  the 
roadway  from  it.  are  specitically  laid  down,  diftering.  m  no 
Terr  material  point,  from  the  practice  of  the  present  day  in 
this  branch  of  bridge  arcbitet;ture.     Since  then,  a  number 
~  "  structnres  of  this  eharacler  have  been  erected  both  in  the 
hiitcd  States  and  in  Eurojw,  and,  in  some  instances,  valleys 
and  water-coureee  have  been  gmnned  by  them  under  circnra 
Stance*  wliich  would  have  baffled  the  engineer's  art  in  the  em 
pifmnent  of  any  other  means. 

A  bospen&iou  bridge  consistB  of  the  supports,  termed  ^«t«, 
from  which  the  euepenBion  dmiufi  are  hnng ;  of  the  authoring 
ma&^ee,  termed  the  alnitmentSy  to  which  the  ends  of  the  sue- 
pensiou  chains  are  attached ;  of  the  siiiinension  chains,  termed 
the  main  cfminjt,  fnjm  which  the  roadway  is  suspended ;  of 
the  vertical  nxb,  or  chains,  termed  the  ^uspendinff-c/iains,  etc, 
which  c<<nnect  the  roadway  with  tiie  main  chains;  aud  of  the 
n>ftdway. 

648.  *  Bays-    The  natural  water-way  may  be  divided  iulo 
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any  Dumber  of  eqnal-sized  bays,  depending  on  local  circoin- 
stances,  and  the  comparaUve  cost  uf  hi^h  or  law  plere,  aud 
that  of  tlic  main  uhaiiis,  and  the  suBpcndinff-rods. 

A  bridge  with  a  einglti  bay  of  (XJUBideraole  width  preseiitu 
a  Utldur  and  mure  inunuuiental  character,  aud  ita  aiability, 
all  other  thiiiga  being  equal,  is  greater,  the  amplitude  fruui 
imdulatious  caosod  bj  a  movable  load  bcii^;  teas  than  one  u£ 
soveral  bays. 

650.  A  chain  or  rope,  when  &stened  at  each  extremity  to 
fixod  points  of  support,  will,  from  the  action  of  gravity, 
assume  llio  form  oi  a  catenary  in  a  state  uf  equihhriuio, 
whether  the  two  extremities  be  on  the  SBme  ordifien-iit  levels. 
The  relative  height  of  the  fixed  supporta  may  therefore  be 
madu  to  cunfuriu  tu  the  locality. 

651.  The  ratio  of  the  vereed  sine  of  the  arc  to  its  chord,  or 
span,  will  also  depend,  for  the  must  part,  on  local  circutu- 
stanuos  aud  the  object  of  the  suspended  structure.  The 
wider  the  span,  or  elioi-d,  for  the  Bame  versed  sine,  the  greater 
will  be  the  tension  along  the  cnrve,  and  the  more  Btrotigth 
will  therofuru  be  rui_iujred  in  all  the  parts  of  tlie  cable.  The 
reverse  will  obtain  fur  an  inei'caao  uf  vcrscti  sine  fur  thesamo 
span  j  but  there  will  be  an  inurease  in  the  length  of  the  curve. 

652.  The  cliaius  may  cither  be  attached  at  the  extremities 
of  the  cwn*o  !o  the  fixtid  supports,  or  piers  ;  or  they  may  rest 
upuu  them  (Figs.  191, 192),  b«ing  fixed  into  anchoring  auuaes 
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or  abutments,  at  some  dii^tance  beyond  the  piers.  Loca* 
cireumstanccB  will  determine  which  of  the  two  methods  will 
be  the  more  suitable.  The  latter  is  ?eneralty  a<lopted,  jmrtic- 
ulnrly  if  the  piers  retjuire  to  be  high,  sinro  the  strain  upon 
them'  from  the  tension  might,  frrm  the  leverage,  cause  nip* 
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ture  ill  the  pier  no&r  tlie  botu>in,  and  becanse,  moreover,  !t 
remedies  in  flome  de^reo  tliu  inuouveuiencea  arisiiit;  from 
vanatious  of  tension  emitted  eitlier  by  a  movable  load  or 
charijrcs  of  tompenitiire.  Plert  of  wood,  or  of  coat  iron, 
movable  around  a  joint  at  tlioir  ha^,  have  been  u«ed  instead 
of  tixed  piers,  witli  tlie  ubjcut  of  romedying  the  same  incon- 
veii!eiK-es, 

653.  Wlieii  the  eliains  paag  over  tho  piers  and  are  anchored 
at  fioiac  dititanco  beyond  them,  they  may  rest  either  upon 
Bw  Idle-pieces  of  cast  ii-on,  or  ui»u  pulleys  placed  on  the 
piers. 

654.  The  p<Hition  of  the  anchoring  points  will  depend  n|H>ii 
local  eiruum^tanecs.  Tho  two  brancli&s  of  the  Jliuin  luay 
either  make  equal  anglee  with  the  axis  of  the  pier,  thus  assum* 
lag  the  same  curvatni-e  on  each  side  of  it,  or  eke  the  oxtreni- 
itv  of  the  chaiti  may  he  anchored  at  a  point  nearer  lu  the  base 
ot  the  pier.  In  the  itmiio.r  ca^o  tho  resultant  of  the  tciiHlons 
and  weights  will  be  vertical  and  in  tlie  direction  of  the  axis 
of  the  pier,  in  the  latter  it  will  be  obliqne  to  tho  axis,  and 
sliotild  pass  so  far  within  the  base  that  llie  material  will  be 
secure  from  crut^hlng.  When  the  cable  is  securc^d  to  a  sad- 
dle, and  tho  saddle  i»  free  to  move  horizontally  on  the  t(tp  of 
the  pier,  the  resultant  forces  would  still  be  vertical  if  there 
were  no  frictional  reeifttani-e  Ut  the  movtMiient  of  the  saddle 
In  all  cases,  whether  the  inelinationii  of  the  cable  on  the  oppo- 
site sides  of  the  pier  are  equal  or  not^  Uie  frictional  resistance 
inifler  the  saddle  when  it  is  moving  will  cause  a  horizontal 
force  tending  to  overturn  tlie  pier. 

656.  The  anchoring  pfjints  arc  usually  inasscs  of  masonry 
of  a  suitable  form  to  resist  (he  strain  to  which  they  are  stib- 
jeoted.  They  may  l>e  placed  either  alH>ve  or  below  tho  Aur- 
ttuie  of  the  gn>uud,  as  the  toealitv  may  deuiand.  The  kind 
of  resistance  offered  by  them  to  the  tension  on  the  chain  will 
de[)end  upon  the  position  of  the  chain.  If  the  two  branches 
of  the  chain  make  equal  angles  with  tho  axis  of  tJie  pier,  the 
resistanc^c  offered  hy  the  abutments  will  depend  maitHy  ujxtn 
the  stii^iigUi  of  tho  material  of  which  they  are  formed.  If 
the  hraiicnes  of  tiie  chain  make  unequal  angtea  with  the  axis 
of  the  pier,  the  branch  tixed  to  the  anchoring  uam  h  usually 
deflected  in  a  vertical  direction,  and  eoeocupt^d  that  (he  weight 
of  the  abutment  may  act  in  resisting  the  tension  on  the  i-hain. 
fn  this  plan  fixed  pulleys  placed  on  verv  finn  sup|u>rtr>  will 
be  required  at  the  point  of  deflection  of  the  chain  to  resist  Uie 
pressure  arising  from  the  tension  at  these  points. 

Wlienever  it  ie  practicable  ttie  abutment  and  pier  should  be 
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Btiitalily  connected  to  uicreaee  the  resistance  offered  bjr  the 
former. 

The  connection  between  the  eliaios  and  abntments  abould 
l>e  Ri  arniiijred  thai  the  parts  i.-aii  bo  j-endilv  examined.  Tb6 
cbaiDs  At  these  poiiitfi  are  soiuetinicfe  imbedded  in  a  paete  of 
fat  Itnie  to  prcsvne  them  from  oxidation. 

656.  The  chanm  may  ite  placed  eitlior  alxive  or  below  ibe 
fitnu-.ture  to  be  sup|K>rted.  The  former  gives  a  system  of 
more  Bcabllitv  tlian  the  Utter,  owing  to  the  position  of  the 
eentro  of  gravity,  but  it  usually  requires  liigh  piers,  and  the 
chain  caiiutii  gvnomlly  be  so  well  arranged  m  in  tliv*  lalUtr  to 
Btit)6erve  the  required  purposes.  The  cunes  may  consist  of 
one  or  more  cbaiue.  !>evcml  are  osually  piefcri-ed  U>  a  t^iugle 
one,  as  for  the  same  amount  of  metal  thev  offer  more  resists 
ance,  can  bo  more  accurately  manufactured,  are  less  liable  to 
accidents,  and  ix.n  Ije  more  easily  put  up  and  replaced  than  a 
ainglo  chain.  The  chains  of  the  curve  may  be  ]>laced  cither 
Bide  b)'  Bide,  or  alvove  each  other,  according  to  eireunistances. 

66"/.  The  cables  may  bo  forme<l  of  cliams.  of  wire  cablce, 
or  of  bnndfl  of  hoop  iron.  Each  of  these  methods  has 
found  its  respectivo  advocates  among  cnginocrs.  Those  who 
prefer  wire  cables  to  cliaius  urge  tliat  the  latter  are  more 
liablt:  to  ac<;idents  Uian  the  former,  that  their  strength  is  lees 
uniform  and  less  in  proportion  to  their  weiglit  than  tliat  of 
wire  cables,  that  iron  bara  are  more  liable  lo  contain  con- 
uealed  Jefocis  tJian  wire,  tliat  the  proofs  to  which  chains  are 
subjected  may  increase  without,  in  all  cases,  expusing  these 
defects,  and  that  the  construction  and  putting  up  of  chains  iB 
more  e.\pensive  and  difliuult  thivn  for  win?  cables.  The  op- 
ponents of  wii-e  cables  ^tate  that  they  ore  ojKin  to  thc^iame 
objections  as  those  urged  against  chains,  that  they  offer  a 
greater  amount  of  surfaoe  to  oxidatioti  than  tbo  santo  volume 
of  bar  iron  would,  and  tliat  no  precaution  can  jnxtvent  thf^ 
moisture  from  penetrating  into  a  wire  cable  and  causing  rapid 
oxidation. 

Tliat  in  this,  as  in  all  lilce  discussions,  an  exaggerated  de- 
gree of  importance  slionld  have  been  attached  to  the  objec- 
tions urged  on  each  side  was  but  natural.  Kxperiencc,  how- 
ever, derived  fn>iii  existing  works,  lias  sliown  that  eacli 
method  may  be  applied  with  safety  lo  structures  of  tlie 
Iwldest  character,  and  that  wherever  failures  have  been  met 
with  in  ciilier  nielhod.  they  were  attributable  to  those  fault! 
of  workmanship,  or  to  defects  in  the  material  used,  which 
can  hardlv  be  anticipated  and  avoided  in  any  novel  applic*- 
tlt  a  of  a  like  character.    Time  alone  can  definitively  dinride 
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npon  tlio  cijiiiparative  nierite  of  the  two  motliods,  aiid  how 
far  cither  of  Uicm  may  he  used  with  advantage  in  the  place 
of  Mructnros  of  more  rigid  matcriaU. 

858.  The  chains  of  tim  cabica  rnay  be  formed  of  roanil, 
ftiuari',  or  flat  bars.  Chaiim  of  flat  httm  liave  been  iiiofit 
generally  used.  The?e  are  fonneil  in  Innjr  links  which 
are  connected  by  gliort  plates  and  boll&  Each  link  consists 
of  Hiiveral  bars  of  the  same  leii^i,  each  of  which  i&  perforated 
with  a  hole  at  eouh  end  to  i-ecelvetho  connecting  bolta.  The 
bars  of  each  link  are  placed  side  by  side,  and  the  links  are 
coimectod  by  the  plates  which  form  a  shoit  link,  and  the  bolts. 

The  liukft  of  the  portions  of  the  chain  which  rest  u|»ou  the 
{uere  may  either  be  bent,  ifr  eUe  be  nmde  shurtcr  than  the 
others  to  accommodate  the  chain  to  the  cun'ed  form  of  the 
surface  on  which  it  reete. 

659.  Tlie  vortical  6us)ienfiion  bars  may  be  either  of  ronnd 
or  square  bars.  They  ai«  usually  ina^e  with  one  or  more 
articulaiitius.  to  admit  of  their  3'ielding  with  lo«a  strain  to  the 
bar  to  any  motion  of  vibration  or  of  <»oillation.  They  may 
be  Biispendod  fmm  the  connocting  bolts  of  the  links,  but  the 
preferable  method  is  to  attach  them  to  a  suitaijle  »a<ld]e-piece 
which  is  fitted  to  the  topof  the  chain  and  tlum  dislribnttx  the 
strain  upon  the  bar  more  uniformly  over  the  bolts  and  linka. 
Tlie  lower  end  of  the  bar  is  suitably  arranged  to  connect  it 
with  the  part  suspended  iiMia  it. 

660.  The  wire  cables  are  coin[Hif)ed  of  wires  laid  side  hj 
side,  which  ai-e  brought  to  a  cylindrical  shape  and  confined 
by  a  spiral  wrapping  of  wire.  To  fonu  the  cable  several 
etjual-eizcd  ro|>os,  or  yarns,  are  first  made.  This  may  be 
dune  by  cutting  all  the  wireA  of  the  length  required  for  tlie 
yarn,  or  by  uniting  end  to  end  the  requisite  numlK:r  of  wires 
fur  the  yarn,  and  then  winding  them  around  two  piocea  of 
wrought  or  of  east  iron,  of  a  lioree-shoe  shap:-,  with  a  suitable 
gorge  to  receive  the  wires,  which  are  placed  as  far  asunder 
as  the  required  length  of  tlie  yarn.  The  yarn  is  firmly 
attadied  at  its  two  ends  to  the  iron  piecott,  nr  cnipjwrA^  and 
the  wires  are  temporarily  confined  at  iniennediate  points  by 
ft  spiral  lashing  of  wire.  Whichever  of  the  two  methods  bo 
ailnpied,  gixsat  care  must  be  taken  to  give  to  every  wire  of  the 
vara  the  same  decree  of  tension  by  a  suitable  mechanism. 
The  cable  is  completed  after  the  yams  are  placed  ufvuri  the 
piers  and  secured  to  the  anchoring  ropes  or  rhains;  for  this 
purpose  the  temporary  lashings  of  the  yarns  are  undone,  and 
all  tlie  yarns  are  united  and  brought  to  a  cylindrical  shape 
and  seitui-ed  throughout  tlie  extent  of  the  cable,  to  witlun  a 
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short  distance  of  each  pier,  by  a  continaotu  spiral  lashing  of 
wire. 

Tho  part  (if  the  cable  whtcli  iwta  upon  the  pier  is  not 
boiiiul  witli  wire,  hut  is  spread  orer  the  saddle-piece  with  a 
unifurm  thickness. 

66L  Tlie  KiispenNuii  ix>i>e«  are  fonned  in  the  same  way  aa 
the  cables;  the}' are  usitatly  arranged  with  a  locpat  each  end, 
fonucd  around  an  iron  i:rupfH.'r,  to  cotiuect  tliein  with  the 
cables,  tu  which  they  are  attacOicd,  and  to  tlio  parts  uf  the 
strneture  8ii«i>ended  bt>m  them  by  aiiitable  soddle-pieoM. 

662.  Tu  secure  the  cables  from  oxidation  the  iron  Mrires  are 
ct»ated  with  varnish  Iwfore  tliey  are  made  int*>  yarn*,  and 
after  tlie  tables  are  completed  tliey  are  either  ctiateil  with  the 
usual  paints  for  seciMn^  iron  from  the  effects  of  nioi^itiire,  or 
cldB  cxjvered  with  tjunie  iinpenncHblu  nialerial. 

663.  Piers.  These  are  conmionly  masses  of  masonry  in  tha 
ahapc  of  pillars,  or  colnmns,  that  rest  on  a  common  foundation, 
and  are  usnalk  connected  at  the  top.  The  form  gi^^n  to  the 
pier,  when  ui  stone,  will  de^tend  in  some  respects  un  tho 
tottality.  (Jenurally  it  is  that  of  the  architertiiral  nmniimcut 
known  as  the  Tnumjjhal  Arch;  an  arched  oj-ieninj;  being 
forniod  in  tho  centre  of  the  mass  for  the  if»adway,  ainJ  some- 
times two  otbors  of  smiiUor  dimensions,  on  each  side  of  the 
main  <me,  for  auproaches  to  the  foot{>at]i8  of  the  bridge. 

Fieri  uf  a  coiuimmr,  or  uf  an  obelisk  form,  have  in  some 
instances  l>oen  tried.  They  have  generally'  been  found  to  be 
wanting  in  stjfifness,  being  subject  to  vibrations  from  the 
action  of  the  cliaius  upon  tliom,  which  in  tuni,  from  the  ro- 
clprocJil  acti'Hi  upon  tlie  chains,  tends  ver_v  much  to  increase 
the  amplitude  of  the  vibrations  of  the  latter.  'i1)t;«ti  effects 
have  been  <jbi>crvod  to  be  the  more  sensible  as  tlie  columnar 
piers  arc  the  higher  nud  more  slender. 

OeBtriron  piem.  in  the  form  of  »>lumnB  connected  at  top  by 
an  entablature,  have  been  tried  with  success,  as  also  hare  been 
ctliimimr  pieii>  of  the  same  miitertal  eo  arranged,  with  a  joint 
at  their  base,  tliat  they  can  receive  a  |>endulaua  motion  at  ton 
to  accommodate  any  increasa  of  tension  upon  eitlicr  branch 
of  the  chain  resting  on  tlieni. 

The  dinieiisioHS  of  piers  will  dei>end  upon  their  height  and 
the  strain  upon  them.  When  built  of  stone,  the  masonrr 
should  be  very  carefully  coijsti-uctcd  of  large  blocks  wou 
Ixjndod,  and  tied  by  metal  cramps.  The  height  of  the  piers 
will  dapend  moetly  on  the  locality.  AVlien  of  the  usual  form& 
they  should  at  least  be  high  enough  to  admit  Oio  passage  oJ 
vehicles  under  the  arched  way  ^f  the  road. 
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684.  Abutments.  The  foniis  And  diiiiensiviHfi  of  the  abut^ 
miMitfl  will  lieiteiid  ii|xm  the  maimer  iu  which  thev  may  be 
LiiuiiecUHl  Hith  tlie  chuim.  AV'heu  die  luculiry  wiUtuIitiitof  the 
uliaiiis  lH.'iiig  aucliorcd  without  deflecting  them  vertically,  tlie 
aliuiments  may  be  fnrmed  of  aiiv  hea^j  mass  of  rough 
maaonry,  whieA,  fix>m  its  weight,  ana  the  manner  iu  which  it 
is  iitibethied,  Imve  aiiflieieul  Klrengtlt  ti>  resist  the  teiiaion  in 
the  direction  of  the  chain.  If  it  is  found  necessary  to  deflect 
the  chains  vertically  to  secare  a  ^x>d  anchoring  point,  it  will 
also  generally  be  ueceaeary  to  bmld  a  tnuss  uf  uias<)nry  of  an 
at-ched  form  at  tlie  point  wliere  the  th-fleciJon  takes  place, 
which,  to  preaeut  enfficient  streui^ih  to  resiet  the  pressure 
caused  by  the  resultant  of  the  tension  on  the  two  branches  of 
the  chain,  should  be  made  of  heavy  bloeks  of  cut  stone  well 
bonded.  If  the  abntmcntA  are  not  too  far  from  the  foandap 
tions  of  the  piers,  it  will  be  well  to  connect  the  two,  iu  order 
to  give  additional  resistatiue  to  tlic  anchoring  points. 

665.  Main  Chains,  etc.  The  suspending  curves,  or  arehefl, 
may  be  made  of  chains  formed  of  juit  or  rtfunti  iron,  or  may 
consist  of  tr«7V  oit/il^s  rtinistnicted  in  the  usual  manner. 

The  ntftin  ehuiiis  of  the  earlier  suepcnsion  bridges  were 
formed  of  long  links  of  round  iron  made  in  the  ustial  way ; 
but,  independently  of  tlto  greater  expense  of  these  chains, 
thev  wci-e  found  tu  be  liable  to  defects  of  welding,  and  the 
lin£:s,  when  long,  were  apt  to  become  misshapen  under  a  great 
strain,  and  rwjuired  to  be  staved  to  prcst-rvc  tJieir  lorin. 
Chains  formed  v(  long  links  of  nut  bars,  usually  connected  by 
shorlor  ones,  as  coupling  links,  have  on  these  accounts  super- 
seded tli««e  of  the  ordinary  oval-shaped  links. 

The  breadtli  of  the  chains  has  generally  been  made  utufonn, 
but  in  some  bridges  creeteil  in  hnglana  by  Mr.  Dredge,  the 
chains  are  made  to  increase  unifonnly  in  breadth,  by  increas- 
ing the  nninbor  of  bare  in  a  link,  friun  the  centre  to  tlie  points 
of  su8i>ent^iijh.  In  addition  to  this  change  in  the  fnnn  of  the 
main  chains,  Mr.  Dredge  places  the  snspendnig  chains  in  a 
verti<ml  plane  jiarallel  ttj  the  axis  of  the  bridge,but  obliquely 
to  the  iKirizmi,  inclining  each  way  h-om  the  points  uf  ^usjHfn- 
sioa  towaitis  tlie  centre  of  the  curve.  This  system  has  never 
come  into  general  use.  At  the  present  day  nearly  all  cables 
uf  suspension  bridges  are  made  of  wire. 

Some  of  the  links  of  the  main  chains  should  be  arranged 
with  adjusting  screws,  or  with  ke^'s,  to  bring  the  chains  to  the 
p«'per  degree  of  enr^ature  when  set  up. 

The  cliains  may  either  be  attached  to,  or  paea  over  a  mo 
Table  cast-iron  saddle,  seated  on  rollers  on  the  top  of  the  piera, 
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■o  Ibftt  it  will  allow  of  toMaant  faoraoatal  diiphofcwat  U. 
pMiait  the  chAum  to  aecotnmodata  theiMdffea  to  liw  i&titt 
of  a  nuTsbla  Umd  oo  Uw  lowiirsjr.  Tbe  mam  and*  majr  be 
ftttalned  by  rtlarhing  tiw  cfaatM  lo  a  pwdahmi  bar  naiicaded 
frcmt  tlu)  bAi  of  tin  |«er. 

Tbe  ehauii  an  fnnl/  conaectad  with  the  Abatnenli,  b; 
being  Kttuhed  to  aocbariag  nuiiri  of  cait  iron,  wTmngnl  in 
»  MiiUblc  manner  to  receive  and  Mcare  the  eoda  of  tbe 
cfaaiiMf  wbicb  am  aarefolljr  iiobeddwl  in  tba  uuioiinr  ot  the 
alMxtmaotL  ThoH  pointi,  when  unda*  groaiid,  tbooid  be  ac 
plnoed  ibai  tbej  cma  be  mited  and  examined  &nn  time  U 

t&DM. 

688.  Buapendin^Obaine.  TheinKiaiidsD|{HPDde,orcliaini, 
■boukl  be  H.ttiicKi-4  !••  such  ^jinbi  of  toe  miin  dnioi  and  tbe 
roadway-licarBia,  aa  to  di*tnI)Dta  the  load  antfurmly  orer  tbe 
main  cnaiiUf  and  to  prevent  their  he'mg  broken  or  twisted  off 
hy  tiu)  OMilUtioui  of  the  bridge  ^m  winda,  or  movable 
loada.  Tliev  khould  be  connected  by  auitablv-arnuuic'd  nr 
ticulation«»  with  a  aaddle  piece  bearing  upon  tlie  back  of  tbe 
main  diain,  and  at  bottom  with  the  aturup  tiiat  embracea  the 
roadvaf-bearers. 

The  RUMpcmliog-oh^na  are  naoatly  hung  rcrtir-allv.  In 
Bome  rvi:4sut  tiHilffea  thuy  bare  been  incliued  iuwArJ  in  give 
moru  MtiJfnoM  to  the  ■ratain. 

687.  Roadw^ay.  TFaiwTentalmadway-bearenareattadied 
to  the  »iiMiH>[i(lintf-chain«,  u^xni  wliiiJi  a  flooring  of  tinilNjr  is 
laid  for  tue  niuiway.  Ttie  rr>adu-ay  bearcra.  In  M>iru!  in- 
ittancei,  liave  been  lua'lo  of  wrought  imn,  but  tiinlwr  is  now 
gifiiurally  preferred  fur  tbt-'«o  jilece*.  Pin<|^)nal  tie»  of 
wmiiglit  iron  iirii  itlaced  luiriwiniiilly  between  tiio  njadway- 
bcarcn  to  brace  tliu  fraiiu.'-work. 

Tliu  jiHm{>et  may  Ih--  funned  in  lb*;  nitnal  stylo  either  of 
wroii^liL  iron,  or  oflimlier,  or  of  a  (xnnhiimtion'of  caM,  iron 
and  timber.  Timber  alone,  or  in  oombiiiaiion  wilh  cast  iron, 
ii  now  preferred  for  the  pnra|icts ;  as  obeerAation  has  shown 
tlint  t)ie  MtifTncNA  fftveii  to  the  roadwu  bv  n  Blroii<;ly- trussed 
tinilier  pani]i<]t  limitD  the  amplitude  of  tlie  nndulattonH  caused 
by  violent  wiudif,  »nd  M:eiirea  tbe  structure  from  danger. 

In  some  ijf  the  mure  recent  su^peimioii  bridges,  a  trnsaed 
frame,  similar  to  i\m  |Hira])ei,  litkA  lieon  uontimiud  below  tbe 
level  of  the  roadway,  fur  the  pnrjMao  of  givitig  greater  se- 
coritv  to  tbe  stnietiira  agniiist  tlie  action  of  high  winds. 

WVen  Uio  mailwuy  iet  aliuvo  the  chains,  any  requisite  nnm- 
bar  of  sbi'lo  ohatni  may  be  pluced  for  its  support.  Frames 
frmnod  of  vertical  beams  ot  timber,  or  of  oulumus  of  oasi 
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iron  united  by  diflgonnl  braces,  rest  mwn  the  clmiiis,  and  sup 
port    the    roadway-bearers    placed    either    transversoly    oi 

^8.  Vibrations.  The  rnidiilatorr  or  vibraiorv  motioHB  ol 
siiftpeiiflion  bridges,  caused  bv  the  action  of  bigii  winds,  oi 
movable  luade,  ebould  be  reduced  to  the  smaUe^t  piaeticabli 
aniontit,  h_v  a  suitable  arraiiirement  of  bracing  for  the  n^ad- 
way-tiinlierfi  and  parapet,  and  bv  chainntays  attached  lo  the 
roadway  and  tti  the  basements  ol  the  piers,  or  to  tixed  poiiita 
on  the  banks  whenever  tlicy  can  be  obtained. 

C^ilfiulafion  and  cxperiem-e  show  that  the  vibrations  canaod 
by  a  movable  load  decrease  in  amplitiide  as  the  opan  in- 
creases, and,  for  the  eamc  span,  as  the  versed  sine  decreasea. 
The  heavier  the  roadway,  also,  all  other  things  Iwiug  the  Baine, 
the  emallor  will  be  tlie  amplitude  of  the  vibrationB  caused  by 
ft  movable  load,  and  the  less  will  be  their  effect  in  changing 
the  form  of  the  bridge. 

The  vibrations  caused  by  a  movable  load  seldom  affect  the 
bridge  in  a  hurtfid  d^reo,  owing  to  the  elasticity  of  the 
system,  unless  they  recur  periodically,  as  in  the  passage  of  a 
mxiy  of  soldiers  with  a  cadenccd  march.  Serious  accidents 
have  been  occasioned  in  this  way;  also  hy  the  jMissat^  of  cat- 
tle, and  by  the  sudden  nish  of  a  crowd  frt^m  one  side  of  tlxe 
briflgc  ti*  the  other.  Injuries  of  this  character  can  only  be 
giianU'd  against  by  a  proper  system  of  police  regiilatiouB. 

Chain-a!a)-8  may  either  be  attai-hod  to  some  point  of  the 
roadway  and  to  fixed  points  beneath  it,  or  else  tliey  mar  bo  in 
the  form  of  a  reversed  curve  below  tlte  madway.  The  former 
is  the  more  efHcacions,  but  it  causes  the  bridge  to  l^cnd  in  a 
disagreeable  manner  at  the  point  where  the  stay  is  attached, 
when  the  action  of  a  niovablw  load  cauiieti  the  main  clmins  to 
rise.  The  more  oblique  the  stays,  the  longer,  moi-e  expensive, 
and  less  effective  they  l>ecomc.  Stays  m  the  f<trni  of  a  i«- 
versed  cnrve  preserve  better  the  shape  of  the  roadway  under 
the  action  of  a  movable  load,  but  Oiey  are  less  efTective  in 
preventing  vibrations  than  the  simple  stay.  Neither  of  these 
methodic  is  very  serviifcable,  exct*pt  in  narrow  spfing.  In  wide 
spans,  vanations  of  temperature  uiiuse  considerable  dianges 
in  lite  length  of  the  stays,  which  makes  them  act  nneqnally 
tiiKiii  tlie  roadway  ;  this  is  pHrticularly  the  case  with  the  re- 
versed curve,  lioth  kinds  should  bo  armui^l  with  a*ljiisting 
•crews,  to  accommodate  their  length  to  the  more  extreme 
variations  of  temperature. 

Engitieore  at  pi^cscnt  generally  agree  that  the  most  efficfr 
Bioua  means  of  limiting  the  amplitude,  and  the  consequent 
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'njurioiiR  effects  of  nndiilattonft,  cuinfliPta  in  a  Rtmiig  coiiihinfr 
tioii  of  the  madway-tinibere  and  flooring,  atiffeuwi  liy  atrufcttxl 
parapet  of  tiinhor  above  the  roadway,  and  in  some  cases  in 
extonding  the  fminework  uf  the  ^Mirapct  below  it.  These 
eotubinations  prei^Dt,  in  appearance  ana  reality,  two  or  more 
rmeu-built  beatii!!,  aH  c-irviiinistAni-es  may  demand,  placcil  paraU 
lei  to  each  other,  and  strongly  c(jnnet:te<l  and  brace«l  by  the 
framework  of  the  roadway,  which  ai'e  supported  at  mtcr- 
inedialc  ooints  by  the  sua[.»endi«ff  rods  or  cbaiuH.  The 
method  or  ]»hu'-i!ig  the  rosidway-franiing  at  tlie  centnil  line  of 
the  open-built  lieams,  preeents  the  advantage  of  introducing 
vertical  diagonal  bract'S,  or  ticft,  between  the  beauu  beiitnath 
Ibe  iwadway-fiame.  The  main  objectione  to  these  csoinbina- 
tions  is  the  increased  tension  tlirown  "P*>n  the  chains  from 
the  greater  weight  of  the  framework.  This  iiiureaiae  of  ten- 
won,  Jiowevor,  provide<l  it  be  kept  within  proper  liiaifs,  so  far 
from  being  injurious,  adds  to  the  stability  ana  security  of  the 
bridge,  b<^th  from  tlie  effects  of  undnlatioiiB  and  of  \ibra 
tions  from  shocks. 

As  a  farthor  secnrity  to  the  stability  of  the  strncture,  the 
framework  of  the  ri>adway  shonld  be  firmly  attaolied  at  the 
two  extremities  to  the  bascinenta  'if  the  piers, 

668.  Preservative  Meane.  To  ]>re*erve  the  chains  from 
oxidation  on  the  unrfaco,  and  fi*oni  rain  or  dews  whicJi  may 
lodge  in  the  articulations,  they  ahould  receive  several  a'ata  of. 
Illinium,  or  of  some  other  prcjtfimtion  iinperviitue  to  water, 
and  this  should  be  renewed  front  time  to  time,  and  the  forma 
of  all  the  parts  should  be  the  most  suitable  to  allow  the  free 
e6«--«pe  of  moisture. 

Wires  foreahles  can  be  preficrred  from  oxidation,  nntil  they 
are  made  into  ropes,  by  keeping  tliem  immersed  in  Aome  alka- 
line solution.  Before  making  them  into  mpes,  they  shonld 
be  dipped   seveml  times  in  boiling  linseed  oil,  rreparcd   by 

fn-evitmslv  boiling  it  with  a  small  portion  of  litharge  and 
ampblftck.  The  cables  should  receive  a  tliick  coating  of  the 
same  preparation  liefore  tJiey  are  put  up,  and  tinally  be 
painted  with  white-lead  paint,  both  as  a  prcservjitive  means, 
and  to  show  any  incipient  oxidation,  as  Uie  rust  will  be  de- 
tected by  its  dihcoluring  the  paint. 

670.  Prooffa  of  Suspension  Bridges.  From  the  manv 
crave  accidents,  g.ccotripaiiicd  by  serious  K»8  of  life,  which 
have  taken  place  in  enspension  bridges,  it  ia  highly  desirable 
that  some  trial  pnKtf  slionld  bo  made  before  opening  such 
bridges  to  the  public,  and  that,  moreover,  strict  police  rcgii- 
latious  should  be  adopted  and  enforced,  with  respect  to  them 
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to  ^ard  R^inst  tie  recnrrenceof  snch  disasters  as  have  eere- 
rul  tinier  tukeii  place  in  England,  from  the  aewniblage  of  a 
•!ro\rd  iipoii  tiio  bridge?.  In  France,  and  oi.  the  wflitinent 
gBiierally,  where  one  of  the  important  dutipA  wf  tho  public 
jKjlicc  ]!>  u>  watch  over  the  safety  u£  life,  under  t»iic)i  circnm- 
Btanues,  rcgulfttmna  of  tJiis  cliarauter  are  rigidlv  eiifontHl. 
The  trial-]>roof  enacted  in  France  for  siupeMflion  brid^A,  be* 
fore  tbcv  are  thi\>wn  open  for  travel,  ie  about  40  lbs.  to  eacb 
snperliyml  fiKit  of  nwdway  in  addition  to  ibe  jwrrnancnt 
weight  of  the  bridge.  This  proof  is  at  first  rediic-ed  to  one- 
half,  in  order  not  to  injure  tho  masonry  of  the  points  of  sup- 
jiort  dnrinj;  the  gnen  condition  of  the  mortar.  It  is  maae 
by  distributing  over  the  road  Hurfaoe  any  convenient  weiglity 
material,  a^  bricks,  pigs  of  iron,  bags  oi  earth,  etc.  Beaidea 
this  after-trial,  each  clement  of  the  main  chains  ahonid  be 
subjected  to  a  special  proof  to  prevent  the  introduction  of  ira. 
sound  parts  into  the  system.  This  precaution  will  not  be 
nocewary  for  the  wire  of  a  cable,  as  the  process  of  drawing 
alone  h  a  giMxl  tost.  Some  of  the  coils  tested  will  l>e  a  guar- 
antee for  the  whole. 

From  experiments  made  at  Geneva,  by  Colonel  r)ufour,one 
of  the  earliest  and  most  succeesful  coimtructurs  of  suspension 
bridges  on  tlie  Continent,  it  ap^icars  that  wruught  bar  irou 
can  sustain,  without  danger  of  rupture,  a  shock  arising  from 
a  weii^hc  of  44  lbs.,  raised  to  a  height  of  3.2^  feet  on  each 
.0015alhg  of  an  inch  of  cm^^eection,  when  tlie  bar  let  strained 
by  a  weight  e^jual  to  one-third  of  its  breaking  weight :  and  he 
concludes  that  no  apprehension  need  be  entertained  of  injury 
to  a  bridi;e  fnitn  shocks  caused  by  the  ordinary  tnin^it  upon 
it,  which  has  been  subjected  to  the  usual  trial  of  a  deml  weii^t ; 
and  that  the  safety,  in  this  respect,  is  the  greater  as  tlie  bndge 
is  lonp.*r,  oince  the  eladticity  of  the  syBtem  is  the  hei^t  pre- 
servative from  accidents  due  to  such  causes.  Mr.  ^Vhoeler. 
an  en^iueer  in  Germany,  concluded,  after  a  lung  series  or 
carofiuly  conducted  experiments,  that  good  wi-onght  iron 
would  sustain  any  number  of  continuous  shtKiks,  provided 
that  it  was  in  no  ca.<;e  strained  more  than  10,0l)O  pounds  per 
square  inch  of  geciion, 

67L  Curability.  Time  is  the  true  test  of  the  durability 
of  the  structures  under  consideration.  So  far  as  experience 
goes  there  seems  Uy  be  no  rcasou  to  aasigii  less  dural>ility  to 
Entvpensinn  tluin  to  cast-iron  or  even  stone  bridges,  if  their  re- 
|>airs  and  the  proper  means  of  preserving  them  from  decay 
are  attended  to.  Doubts  have  lieen  expressed  as  to  the  dura- 
bility of  wire  cables,  but  these  seem  to  hmve  been  set  at  reaf 
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liv  ihe  triiilB  and  CJcaminatlons  to  which  a  hridgc  <if  tills  kind 
ore<'tod  by  Culonel  Diifour,  at  Geneva,  was  ftuTijeclM  hy  liirn 
after  twenty  years'  service.  It  was  found  Uiat  the  nndiilatinm 
were  gnrnd-r  than  wlieti  the  brid;^  was  first  ermrted.owiiif'  U. 
tlio  bliriiikiiii;  of  the  rfmdwuy-framc ;  hut  the  iiiaiu  f:ablefl, 
aiid  Biispeiiding-ropea,  even  at  the  kxtpa  in  contact  with  the 
timber,  pr)vef]  lo  bo  as  somtd  as  when  first  ptii:  ii]),  and  free 
frr>in  oxidation  :  aiid  tlie  whole  bridge  stood  another  very 
severe  pr<Kif  witliont  injury. 

The  fuUnwiri^  succinct  descriptions  of  the  priiici]>al  ete 
mcnts  of  some  of  the  most  celebrated  siispcnsiun  bridges  of 
chains,  and  wire  cables,  of  remarkable  span,  are  taken  frorc 
rarioiiB  pnhUshcd  acconnts. 

672.  Bridg-e  over  the  Tweed  near  Berwick.  T}itA  is  the 
first  large  suspension  bridge  ereute<l  iii  Great  Britain.  It 
was  coiu!rnicte<l  ii])oii  the  plans  of  Caj>t.  Brown,  who  took 
nut  a  patent  for  the  principles  of  its  constrnction. 

Sjmn 449  feet. 

Versed  sine 80   *' 

Number  of  nmin-chains  12,  six  being  placed  on  each  side  of 

the  nuMlu-ay^  in  three  ranges  of  two  oliains  each,  above 

each  oUier. 

The  chains  are  composed  of  Ion;;  links  of  round  inm.  '.I 
ioches  in  dinmeler,  and  arc  15  feet  long.  They  are  connccfetl 
by  oiuplin-j-links  <if  n*nnd  iron,  1|  iimli  dianieter,  and 
arwmt  7  iiicnes  l"ng,  by  means  of  conpltng  bults. 

The  p«a<iway  is  borne  by  suspending-roda  of  round  iron, 
which  are  nttiiched  allornatoly  Ut  the  throe  rati^^  of  chains. 
The  niadway-ltearers  are  of  timber,  an<I  are  laid  ni>on  longi- 
tudinal bars  of  wrought  iron,  which  ai-c  attached  to  the  sua 
pons!  on -rods. 

673.  Menai  Bridge,  erected  after  tlie  designs  of  Mr.  Td 
ford.     Opened  in  182fl. 

Span 679.8  feet 

Vereed  sine 43       " 

Knmber  of  main-chains  16,  arranged  in  sets  of  4  each,  rer* 

tically  above  eacli  other. 
Nniuber  nf  bars  in  each  link,  5, 
Length  of  links,  10  feet 
Breadth  of  eacli  bar,  3^^  inches  ;  depth,  1  inch. 
Coupling-' inks,   Ifl  inches  long,  8  inches  brtiad,  and  1  inch 

deei>. 
ConplingdK^lts.  S  inches  in  diameter. 
Total  area  of  cross  section  of   the  main-chain,   260  eqnarr 

Uiohes 


BimPINBION   BKTDnm. 


360 


The  tnain-clmiriB  are  fastened  to  their  abTitments  by  ed- 
uliorine-bolts  9  foet  long  and  6  inclice  in  diametor,  which  are 
eevured  in  cafit-irun  grooves.  The  8butDieDt&,  which  are  iin- 
dersrround.and  reached  by  suitable  tunnels,  are  the  solid  mok. 

Upon  tlio  to}«  of  the  pierB  are  (di£t-iron  saddles,  upon 
whicD  the  main-c-lmiue  rest.  The  base  of  the  saddle,  which 
ie  fitted  witii  grot»ve8  lo  receive  tliein,  pests  upon  iron  rollers 
placed  on  a  convex  cylindrical  bed  of  cast  iron,  sl):i)>cd  like 
the  iHjttom  of  the  hme  of  the  saddle,  to  admit  of  u  slight 
displacement  of  the  chains  from  movable  loada  or  changea 
of  tenijiemturp-. 

The  roadway  ia  divided  into  two  carriage-wavs,  each  12 
feet  wide,  and  a  footpath  4  feet  wide  between  them.  The 
poadway-franiing  consista  of  444  wrougbt-iron  roadway- 
bearers,  'S^  inoiicii  deep  and  -)-  inch  thick,  whicli  are  sup- 
ported at  the  centre  points  of  ea<;h  of  the  carriage-wavs  by 
an  inverted  trinw,  cjtusisiiiig  of  two  lient  iron  ties  whicfi  sup- 
port a  vertical  bar  placed  under  tlio  nrndway-bai-s  at  Uie 
points  just  mentioned.  The  platfonn  of  the  roadway  ia 
furnied  of  two  ihickuesees  of  plank.  The  first,  3  inches  tliick, 
ie  laid  on  the  ro{idwav-t>earers  and  faslened  to  tlieni.  This 
is  covered  by  a  coating  of  jvatent  felt  poaked  in  boiling  tar. 
The  second  is  two  inches  thick  and  spiked  to  the  hrst. 

The  ixmdway  is  Biiepcndcd  by  arliculated  rtKls  attached  to 
stirrups  on  the  roadwity-bearers  and  to  the  coup  ling- bolts  of 
the  main-cbains. 

The  piers  are  162  feet  higli  above  the  high-water  level 
They  havo  an  arched  opening  leading  to  the  roadway,  and' 
the  ma««es  on  the  sides  of  the  arch  are  built  hoUuw,  with  a 
croM-tic  partition  wall  between  the  exterior  main  walls. 

Tlio  parajiot  is  of  wroughl-iron  vertical  and  parallel  bars 
connected  by  a  network. 

This  bridge  was  seriously  injured  by  a  violent  gale,  which 
gave  so  great  an  oscillation  to  tJic  main-chains  that  they  were 
dafijied  against  each  other,  and  the  rivet-heads  of  the  bolts 
were  bnikeu  off.  To  provide  against  similar  accidents,  a 
framework  of  eastriron  tubeo,  connected  bv  diagonal  pieces, 
was  foi^tened  at  intervals  between  the  main-chains,  by  cruss* 
ties  of  wrought-iron  rods,  which  passed  tlmmgh  tlie  tubes, 
and  were  lirmly  cttnnected  with  the  exterior  chains.  fSubse- 
(jiientlv  to  (liis  addition,  a  number  nf  strong  timber  roaJwar- 
bearers  were  fastened  at  intervals  to  those  of  iron,  as  tl*M) 
iron  roadway-bearers  were  found  to  havo  been  bent,  and  in 
some  instances  broken,  by  the  uudulatory  motion  of  the 
bridge  in  heavy  galea. 
Si 
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Tlie  l^itiJ  flicpendiiig  weight  of  this  bri  ige,  iDcilnding  tibe 
maiu-<:Iiiuud.  roadway,  and  all  acoeeaories,  is  stated  at  AM 
toiw  15^  cwt. 

674.  Tlic  FribouTg  Bridge  of  wiro  thrown  across  tlie 
ralloy  of  the  Sarinc,  oppoiite  Friboiii^,  waa  erected  in  1832, 
by  Ja.  Chaley,  a  French  en^neer. 

Span 870.32  feet. 

Vereed  sine 63^6     « 

There  are  4  main  cables,  2  on  eacb  ^de  of  tlie  road,  nf 
the  Baiue  elevation,  and  aboat  1^  inch  aiuinder.  Each  cable 
it  oompoeed  of  1056  wires,  each  about  O.IXS  inch  in  diameter, 
which  are  firioW  cuuiiccted  aiid  brought  to  cTliiidrical  lihape 
by  a  spiral  wire  wrapping.  The  diameter  nf  the  cable  vanea 
from  6  to  54  inches.  The  cables  pass  over  A  fixed  pnllfys  on 
the  top  of  the  piers,  upon  which  they  are  spn.'ad  out  without 
li<;Htiire^,  and  are  each  attauhed  to  two  otber  cables  of  half 
thuir  diameter,  which  are  ancliot^d  at  some  distance  from  the 
piers,  in  vertical  pits,  pasuug  over  a  fixed  pulley  where  they 
enter  the  mouth  of  the  pit. 

The  suB{icii(ling'ropeft  are  of  wire  a  sise  smaller  than  that 
used  for  tlie  cables.  Tlieir  diameter  is  nearly  one  inch.  They 
are  fornKMl  witli  a  loop  at  each  end.  fac^tencKl  around  a  crup- 
per-shaped i)icc<3  of  ciiflt  iron,  that  forms  an  eye  to  a^nncct 
the  r(>]H3  wiMi  the  hook  of  tJie  etirrnp  afiixed  to  the  roadway- 
heai-cnt,  and  to  a  sadtlle-piece  of  wrought  iron,  for  each  mpe, 
that  restd  on  the  two  main  cables. 

The  road  way- bearers  are  of  timber,  bcinj;  deeper  in  the 
centre  titan  at  the  two  ends,  the  top  surface  being  curved  to 
conform  to  a  slight  transverse  curvature  ^iven  to  thetsnrface 
of  the  carriage-way ;  they  are  pliiced  abunt  5  feet  Imtwoeu 
their  centre  lines,  every  fourth  one  imijecting  about  3  feet 
beyond  the  ends  of  the  others,  to  receive  an  oblique  wroncht- 
iroti  stay  to  maintain  the  parapet  in  its  vertical  poaitinn.  The 
carriage-way,  which  is  about  15J  fcot  wide,  is  formed  of  two 
thicknessea  of  plank.  The  foot-paths^  whiuh  are  0  fcot  wide, 
are  raised  above  the  surface  or  the  carriage-way,  and  rest 
upon  longitudinal  beams  of  large  dimensions,  the  inner  one  of 
wliicli  is  lirinly  wtcnrcd  to  the  roadway-bearerji  by  otirrniw 
whicli  embrace  them,  and  the  exterior  one  is  fastencil  to  the 
same  pieces  by  King  si-i-ew- bolts,  which  pass  thriiugh  the  top 
rail  t)f  the  parapet.  The  roadway  ha»  a  slight  curvature  from 
the  centre  to  tne  twi>  extremities,  aloug  the  axis,  the  centre 
point  being  fmni  18  inches  to  al>out  3  feet  higher  tiian  the 
ends,  acccHxling  to  the  variations  of  temperature.    The  loalo 
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eablea  at,  tho  centre  are  broaght  down  nearly  in  contact  with 
the  rn»dwav-tiii»bcre. 

Tho  }>arapct  is  an  open-built  beam,  oonaisting  of  a  top  mi!, 
the  bottom  rail  being  the  longitiidiiiHl  exterior  beam  uf  the 
footpath,  and  of  diagonal  piei:e8  which  are  mortised  into  the 
two  rails;  tlio  whole  bi'iii^  wcured  bv  the  iron  UAts  that 
pass  through  the  ruadwu^-hi-arcre  and  tiio  top  rail.  This 
eoinbijiatiun  of  the  parapet  with  the  inclination  towards  tho 
axis  of  the  road  wav  iji*'"-'"  to  the  Buspciidiug-ropcs,  gives  great 
fltiffneee  to  the  roadway  und  uomiteracts  both  lateral  osoilla- 
tions  and  longitudinal  undnlationn. 

Tlie  picre  cou»tst  of  two  pillara  of  solid  iua»our>-,  about  66 
feet  high  abnre  the  level  of  tho  roadway,  which  aru  united,  at 
abont  33  feet  above  the  same  level,  hy  a  full  centre  arch, 
having  a  8pan  of  nearly  120  feet,  and  which  forms  tho  top  oi 
tlic  gateway  leading  to  the  bridge. 

675.  Hungerford  and  X>anibeth  Bridge,  erected  over  the 
Thames.  ui>on  the  plana  of  Mr.  Brunei. 

This  bridge,  detiiencd  for  foot-passcngcre  only,  haa  the 
widest  span  of  any  chain  bridge  erected  up  to  tliia  period. 

Span 676J  feel. 

\  ersed  sine 50      " 

Tlie  main  chains  are  4  in  nnmber,  two  being  placed  on 
each  side  of  the  bridge,  one  above  the  other.  These  chaina 
are  formed  entirely  of  long  linlcs  of  flat  bars;  tlie  links  near 
llie  centre  of  the  curve  having  alteniutely  ton  and  eleven  bars 
iu  eac}].  and  tJioec  near  the  pters  alteniatelv  eleven  and  twelve 
bars.  The  bars  arc  24  feet  long,  7  inches  ni  ilepth,  and  1  inch 
thick.  Thev  are  connected  by  ci)npting-boU8,  4S  inches  in 
diameter,  which  are  seciirod  at  each  end  ny  ca^tt-Iron  nuts,  8 
incbeii  in  diameter,  and  2|  inches  I  hick.  The  extremity  of 
each  chain  U  connected  with  a  cast-injn  saddle-piece,  by  bolts 
which  paaa  through  tho  vertical  ribs  of  the  saddle-pi'oce,  of 
which  tjiere  are  15.  The  bottom  of  the  saddle  rests  on  50 
friction-rollers,  which  are  laid  on  a  firm  horizontal  lied  of  east- 
ii-on.  TlicBJiddle  can  move  18  inches  hori/ontally,  either  way 
from  tlio  centre,  and  thus  coinpeiiiiate  for  any  inequality  of 
itiain  on  the  main  chains,  either  from  a  load,  or  m>m  vari- 
fttiotis  C'f  temperature. 

Tlie  side  maiu-cliain«  are  attached  in  like  manner  to  the  sad- 
dle, and  anchored  at  the  other  extremity  in  an  abutment  of 
brickwork.  The  anchoiage  {Fig.  193)  is  aimnge<]  by  passing 
tho  chains  through  a  string  casttron  plate,  and  secunng  the 
■lids  of  tho  bai-a  by  keys.    The  anchcnng-ptata  is  retained  in 
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ittf  place  bj  two  Btroiig  cast-iron  beams,  against  Thieb  the 
struiii  i)|>ou  the  plate  is  thrown. 
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The  siifipending-rods  (Fig.  194)  are  connected  with  both  the 
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Um  U  sad  wm  Mrttaa 
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toAaA  bMd  to  nMlM  Iha 
dUu  <t  hvMg  kf  •Mni9- 

Iv,  to  tb*  oovpUnii-tpOtt  Of 
Uia  Uivka  uiJ  b)  Iba  (wi> 
bnlto  9.  tuMiwl  t«  tlic  mir 
dlw  A  un  tu()  at  Um  afifcr 


oppcr  and  lower  main-chains ;  to  the  upper  by  a  utddle-pieoe 
and  bolte,  and  to  tlie  c<mpling-bolt  of  the  lower  by  an  arranee- 
nu'Mt  of  artiuiiliiliouB,  which  allows  an  uasy  play  to  the  loua ; 
at  the  iMiltiini  (I'ic.  lf*J>)  they  arc  conneittcd  by  a  joint  with  a 
bolt  that  fflsteiiB  firmly  the  i-oadway-timbera. 

The  roadwav-timbcrs  conuet  of  a  strong  longitudinal  bottom 
boani,  upon  wtich  tlie  r<«d way-bearers  are  iiutehed  ;  those  last 
pieeeA  are  in  piiii-t:,  tlio  two  being  t^o  far  apitrt  ihat  the  bolts  oon* 
nocting  wilii  the  suspend iii^- rode  by  a  forked  head  can  pass  be- 
twceii  them  ;  theftoorin^-ploiik  islaid  upun  tlie  road  way -bear- 
era  ;  and  a  tup  lungitiidinal  beam,  whieh  form@  theljottom  rail 
of  the  parapet,  is  secured  to  tJic  bottom  beam  b_v  tho  con- 
necting iKilt     Wrought-irou  diagonal  lies  are  placed  huilxou 
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tally  below  the  flooring,  to  brace  the  whole  of  tho  timbeM  be 
neath. 
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Tig.  in^Bbonn  ui  al«T>iloa  of  lb«  rattd«if4atb«ft 
a,  MMom  iMWitadtnal  b«uD. 
A,  *,  i«*dw«i-<>MU«ni  in  jMln. 

c,  plktturm. 

d,  lop  loosltudtoAl  bwB  fonabw  lb*  bottnoi  nfl  :f  tta  ptn 
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iMd.  w^ldS  !■  kvjol  bmMth  and  Mcaiai  tha  baaat^  •>£• 
p,  wraofbc-lmi  batlaeiul  dlagonat  Ueik 
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The  roadway  i&  14  feet  wide.  It  alopoa  from  the  centra 
point  along  the  axis  to  the  extremities,  being  4  feet  hi^hnr  in 
the  centre  than  at  tbe  two  last  poiuta. 

Tlie  picrfi  jltc  in  the  form  nf  lowers,  resembling'  tbe  Italian 
l)elfrj.  They  are  of  brick,  SO  feet  high,  and  bo  ooiLstriiuted 
aiid  contbincu  witli  the  top  BatlcUee,  that  they  have  to  sustain 
no  other  strain  tlian  the  vertical  pressure  from  the  main-clmina. 

The  whole  weight  of  the  etmottipe,  with  an  additional  load 
of  100  Hm.  peraauare  ftxjt  of  the  roadway,  would  throw  about 
l,0(H)toiis  oti  each  pier.  The  tension  on'tho  chains  from  thia 
U>ad  ie  calculated  at  about  1,430  tons ;  while  the  strain  which 
they  can  bear  without  impairing  their  strength  is  about  5,000 

tODB. 

678.  MonoDgahela  Wire  Bridg^e.  Tliis  bridge,  erected 
at  Pittsburgh,  Penn.,  upon  platia,  and  nndor  tho  superintend- 
ence of  the  late  Mr.  Koebling,  has  8  bays,  varying  between 
18$  and  190  feet  in  width.  It  is  oae  of  the  more  recent  of 
these  structures  in  the  United  States. 

The  roadway  of  each  bay  is  supported  by  two  wire  cables, 
of  4^  in(rhea  in  diameter,  and  by  diagonal  stays  of  wire  rope, 
attached  to  the  Ranic  point  of  suBpension  as  the  cables,  and 
connecting  with  different  points  of  the  roadwaytimltera. 
llie  ends  of  the  cables  of  each  bay  arc  attached  to  petidulum- 
bara,  by  menus  of  two  oblique  arms,  which  are  united  by 
joints  to  the  pendulum-bare.  These  bare  are  suspended  from 
the  top  of  4  cast-iron  columns,  inclining  inwards  at  top, 
which  are  there  firmly  united  to  each  other ;  and,  at  twttoni, 
anchcired  to  tbe  top  of  a  stnne  pier  built  up  to  the  level  oE 
the  roadway  timbfrs.  The  side  wlnmns  of  each  frame 
are  ccnnected  thrnughont  by  an  open  lozenge-woik  cf  cast 
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Iran.    The  front  ootanms  Iuto  a  like  oonnectioo,  taviiig  • 
futRdvat  belgiit  of  pawgy-way  for  foct^p—icD^ci*. 

The  fnunework  ca  4  tuloniDe  on  auh  8id«  ta'  finnlr  eon 
DOcU>d  ftt  thfi  top  by  ca»t-iivti  b«unt,  in  the  form  of  ut'entab- 
kUnre.  A  ctunagc-wiij  in  left  between  the  two  fnuncs,  and  a 
footpath  lietw«eo  the  two  voluiniia  forming  the  fronts  of  cai:h 
fnune. 

Tlio  pTtintft  of  umpciiiiion  of  the  cables  are  over  the  centre 
line  nf  th(*  frKTrpftth*  ;  and  the  rabies  are  inclined  to  far  in- 
ward that  tlie  beiitra  [>(>iut  of  tlie  cnrre  i«  attached  jost  oat- 
ride  of  the  carriage-wa^r.  The  itnpeDding-ropea  have  a  like 
Inward  iu(:linaUun,t)ie  object  in  both  caaee  being  to  add  Atiff- 
nen  to  the  ijntem,  and  diiiiiniidk  lateral  oecillatioQft. 

The  roadwaj  coruiets  of  a  carrin^e-way  2if  feet  wide,  and 
two  fijritjialJui  ca/!b  fi  feet  wide.  The  rr«dway  bcarera  aie 
trannvcnal  beams  in  pairs,  35  feet  long,  15  inches  deep,  and 
•H  iiiohcs  wide.  Tbej  are  attached  to  the  sn spend ing-ropoe. 
llie  flooring  consists  of  Scinch  plank,  laid  loniritndiiiallj 
over  the  entire  n^ way-enrface ;  and  of  a  ec^-^nd  tnii^knese  or 
2^iii(:h  oak  plank  laid  transversely  over  tlie  cnrringc-way. 

The  parapet,  which  is  on  tlic  nrini:ip!e  of  Town's  lattice, 
extoniU  so  far  below  the  niadway-bearcw  tliat  they  rest  and 
are  notched  on  the  lowest  chonl  of  the  lattinfc  A  second 
chord  etnhraoes  them  on  top,  and  finally  a  third  chord  com- 
plele*  the  lattice  at  the  t.>p.  The  object  of  adopting  thit>  fnrni 
of  narapet  wm  to  increase  the  resistance  of  tne  roadway  to 
undiilatK-nH. 

677.  Nlaf^ara  Railroad  and  Hltfbway  Suspension  Bridge. 
TliiR  n-rnurknl'lff  dtmctnre,  like  the  Ariuednct  Bitspoiisinn 
bri^^e  at  Pillithnrgh,  wag  conBtrncted  by  uoehling;  and  for 
boloAMB  of  plan,  and  skill  in  Iho  cxcitntion  of  its  details, 
is  ororv  way  worthy  of  the  professional  ability  of  this  distin- 
giiisliod  oncineor. 

Dfsi^iied  to  afford  a  paassge-way  ovi>r  the  Niagara  riTer, 
t>otIi  for  railpffld  and  common  road  traflic,  it  consists  essen 
tially  of  two  (>IntformB  (Fig.  100),  one  above  the  other,  and 
at»rnit  tifti'on  teot  apart;  the  nppor  serving  as  the  railroad 
track,  and  tlie  lower  for  ordinan*  vehicles  ;  tlie  two  iK'ingc>n- 
booted  by  a  lattice  girder  on  eauliside  ;  and  tlie  whole  bridgo- 
framo  being  snajiendod  from  four  main  wire  cables,  two  of 
which  are  connected  with  the  npper  platform,  and  two  with 
the  lower,  by  BnHiieriBiou-riHiB  anj  w^jre  roi»e»  attached  to  the 
rrMwlway-boarers,  or  joints  of  the  platforms. 

I'jich  platform  coni-isfs  of  a  series  of  n>adw^ay-hcarcr«  in 
{■Airs ;  the  lower  covered  by  two  thicknesses  of  Jlooring-plunl^ 


BrBPKNSlOS    DROKES. 


873 


tlto  upper  by  one  tliicknese ;  Uic  pnrtinn  tif  tlie  latter  imme- 
diately under  tlie  railroad  track  iiaving  a  thickncsg  of  fooi 
inches,  and  tlio  remainder  on  cadi  side  but  two  luchee. 
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A,  nD*m;  tnek  ttnrt  beaai*.  a,  lawvrsuli  nMM, 

D,  lovor  plaifonn  f«  ooauooti  ttMd.  o*,  nppM  MMda  iilili* 

0^  Pucoiwl  tram.  a,  ca»p«ariOT  m>^ 

n,  pampM.  K,  wronghtlMa  tn«K 

t,  lovor  roMKray  liMrR&  9,  ««odtB  bnOM. 

a',  cppw  nMdwBf  hiwfc  %,  bMOM  of  loogltUlbMl  rallmjr  bMnoL 

h  k»rer  doorlBff.  a,  IouHmUmI  bnMM  twnran  naclwftj  beana^ 

»*,  nptwr  (loorUig.  it,  bonMStal  (»U  b«ta«(a  porta. 


Tho  Ifttticogirdera  consiat  tf  vertical  poets  in  pairs,  the 
ende  of  which  are  clamped  between  the  roadway-bearers ; 
and  of  diagonal  wroiitrht-imn  ro<ls  with  w-rews  at  each  end, 
which  jMws  tiiroiijjh  cast-iron  plates  fastened  above  the  road- 
way-bearors  of  me  upper  platform,  and  below  those  of  the 
lower,  and  are  bronght  to  a  pmper  bearing  by  nuts  on  each 
end.  A  horizontal  rail  of  timber  is  placed  netween  the  poeti 
of  the  lattice  at  their  middle  points  to  prevent  flexure. 
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rtji.  m— eida  aUT*tkn  of  KU««n  ariOgt. 
D.  pmptt. 

M,  poMa  IB  palrn 

N,  ivtl  b««w«««i  poata. 

T,  dMcoBk)  Ifqa  tnvoa  rodik 

Trie  roadwajr-benrerB  and  flooring  of  the  uppc  r  platfonn 
Are  solidly' clumped  l>ctwccn  four  solid  built  Dcains  or  gird- 
ers; two  above  the  flooring,  wliicb  rest  on  cit>»&  supiMnia; 
and  two,  correepondiiig  to  Oioflo  above,  beTow  tlie  niadu'ay- 
l)earurs ;  the  upper  and  lower  corresiwnding  beams  "'itJi 
longitudinal  bmcoe  in  paire  between  the  roadway -bearere  and 
resting  on  the  lower  beams,  being  fimilv  eonnected  by  fierew- 
bolts.    The  rails  are  laid  upon  the  top  beams. 

A  strong  parapet,  on  the  plan  of  Hx>we^8  triiaa,  is  placed  on 
each  eido  of  the  upper  platform. 

Wrout^ht-iron  and  wooden  braoes  connect  the  poeta  and  tbo 
two  platforms. 

The  piers  (Fig.  198")  conBlst  of  four  obeUHk-sbapcd  [lillars, 
which  are  iti.Ytv  feet  higli ;  the  base  of  each  being  a  square  of 
fifteen  feet  sitfes ;  and  the  top  one  of  eight  feet  sides.  The 
pedestal  of  each  pillar  ie  a  eqimro  of  about  eoventeen  feet 
side  at  top,  and  having  a  batir  of  one  foot  vertleath  to  one 
b:>rizonlall7,  or  ^^  on  each  of  its  faces.     The  height  of  the 
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pedest&U  on  the  United  States  side  of  the  river  being  tArenty- 
ei|rlit  feet,  and  on  tlie  Canadian  Bide  eijfbteen  feet.  An  aren* 
wav  l>eIo\r  the  level  of  the  railroad  coimecte  the  two  pe<IeBtala. 

"iTie  main  cables  pa»  over  saddles  ]>laced  on  rollen*.  on 
the  t<>pa  of  the  piere,  and  they  are  fastened  at  their  ends 
(Fitf.  199)  to  chants  formed  of  links  of  wronpht-iruii  bars, 
whif^h,  parsing;  through  abiitmenta  of  inasonri',  and  down  into 
shafts  made  into  the  solid  rock  below,  are  tliere  each  firmly 
attached  to  an  anchoring- plate  of  cast  iron. 

Besides  the  usual  siiKpendiiig-rods  of  the  bridji^,  a  number 
of  wire  ropeft,  termed  o-cer-fioor  atayti^  connect  the  portions  of 
the  npper  platform  adjacent  to  the  piei-s  with  the  saddles  at 
the  top  of  the  piers;  and  the  lower  plntfonn  is  in  like  manner 
connected  with  the  rfxjky  banks  of  tlie  river  bj  a  number  of 
like  staprs.  The  object  of  btith  being  to  resist  the  action  of 
hiph  wnids  upon  tlie  platform,  and  to  give  the  brid|;(e  more 
rigid  itv. 

Eacli  of  the  main  cables  is  fonned  of  seven  snmller  ones  or 
ttraruU.  The  whole  bound  together  in  the  usual  manner  by 
a  wire  wrapping.  Kar'h  strand  contains  520  wires  in  its 
croea-«ection,  sixty  of  which  make  an  area  of  one  squai-e  inch. 

The  main  cablee  to  which  the  roedwav-bcarers  or  the  npper 
platform  are  attache'l  are  deflected  latorally  towards  the 
axis  of  the  bridge,  and  thiut  limit  the  range  of  lateral  oectlta- 
tions.  This  pnA-ision,  the  lattice  striictare  of  the  sides  and 
the  parapet,  the  over  and  under  floor  stavs,  the  deep  longitu- 
dinal fciraers  of  the  railway  track,  the  slight  camber  or  long^- 
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tnclina!  enrvatiii*  from  tho  ends  of  the  bridge  to  the  centre, 
and  its  own  weight,  give  to  the  whole  stnicture  tlint  degree 
of  rigidity  and  Htabifity  which  are  its  iimrked  cbarautcriutius, 
as  contrasted  with  8iis|ienBioii  bridges  neuallv. 

Some  of  the  prinHnal  dimenfsionft  of  the  means  of  enepen* 
don  are  given  in  the  following  statement : 

Span  of  both  cables  between  axis  of  piere,  821  j^  feet 

Vereed  Bine  of  cables  of  lower  platform^  64  feet. 

Versed  eino  of  cablea  of  upper  platform,  54  feet. 

Diameter  of  cadi  cable.  10  iTjebee. 

Area  of  croes-ecction  of  eadi  cable,  G0.4  aqnare  inches. 

Area  of  croea-section  of  npper  links  of  anchor-chains,  87S 
Bquarc  inehee. 

Ultimate  strength  of  anchor-chains,  11,004  tona 

Nnrahcr  of  wires  in  the  fonr  cables,  14,560. 

Average  atrength  of  one  wire,  1,643  Ibk 

intimate  strength  of  the  four  cablea,  12,000  tons. 

Permanent  weight  borne  by  the  cables,  1,000  toni 

Length  of  anchor-chains,  06  feet 

Length  of  upper  cables,  1,201  feet 
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Lengtli  of  cables,  3,400  feet. 

Wire  royie  softpenders^  1,068. 

Over-fl(x»r  st«_v*i,  400. 

TTiidor-floor  stAvs,  on  main  erpan^  36. 

Heijifht  of  railwHy  track  uliove  mean  liigli  water,  130  feet. 

BIS.  East  River  Bridge.  The  Ku^t  Kivcr  Bridge  is 
the  longest  6pan  Biisfwusion  bridge  erected  up  to  this  date. 
It  forms  a  8U8i»cnded  highway  connecting  the  cities  of  New 
York  and  Brooklyn.  The  terniinua  in  Kew  York  citj  is 
on  Park  How  opposite  tho  City  H«II ;  ftntl  in  Brooklyn  is 
on  Sands  street  between  Falton  and  Wa8hin|^ou  i^trects. 
The  total  length  of  the  bridge  and  approaches  is  5,980  feet, 
made  np  as  follows :  main  span,  1,5!)5  feet  6  inches  bo- 
twcon  centres  of  Lowers ;  two  land  spans  of  930  feet  each ; 
the  New  York  approach,  1,562  feet  C  inches,  and  the  Brook- 
lyn approach,  971  feet.  Since  the  completion  of  the  bridge 
tne  New  York  approach  has  been  improved  by  an  extension 
of  the  platform  over  Park  Row  and  Centre  struct  to  the  City 
Hall  square.  The  bridge  jirojwr  conaists  of  one  rircr  span 
and  two  land  spans.  The  approaches  are  carried  by  niasaire 
brick  arches  faced  with  granite,  except  at  street  crosEtuga  ;  ot 
these,  iron  bridges  or  brick  arches  arc  used.  The  spacer  under 
theee  arches  Iiavo  lieen  ntilized  For  store  and  ittoragcpiirpoeea. 

The  gencni!  grade  of  the  bridge  is  three  feet  and  three 
inohed  per  hundreil  feet,  rising  from  the  termini  to  tho  cen- 
tre ;  slight  variations  from  this  grade  exist. 

The  width  of  the  bridge  is  85  feet  from  out  to  out,  and  it 
is  dividMl  into  fivo  epaoes  by  six  lines  of  sted  tmseee,  the 
cater  two  being  ten  feet  in  height  and  the  other  four  about  18 
feet. 

The  outer  spooes  are  in  the  clear  1 8  feet  9  inches,  are  covered 
with  plank,  and  nsed  cxclasively  by  vebicle  traffic. 

Tlie  nent  two  spaces  are  1-'  feet  3  jncliee  in  the  clear,  and 
aroused  eicluHivcly  for  railroad  purpows,  A  single  track  ia 
laid  in  fach.  and  npon  these  are  run  trains  propelled  by  an 
endless  wire  rope  which  always  moves  in  one  direction.  Tho 
power  station  is  located  in  Brooklyn,  and  the  trains  are  run 
at  a  apeed  of  ten  and  one-quarter  miles  per  hour,  the  time 
ot  transit  across  the  bridge  and  approach  being  about  six 
minut.efl. 

The  central  or  fifth  dirision  of  the  bridge  fonim  a  prom- 
enade for  foot  travel  15  feet  3  incbee  in  width.  It  ia  ele- 
Tated  12  feet  above  tho  roadways,  affording  at  the  centre 
of  the  river  span  an  unob«tractcd  view  up  and  down  the 
rirer  and  of  both  oitiea.     The  roadway  passes  through  the 
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towers  at  an  cloTation  of  119  (cet  3  inches,  and  at  the  ccn- 
trti  of  tho  rivor  stiau  is  135  feet  ulK)vt?  niwm  high  wattT,  and 
offers  but  slight  OD8tniction  to  navigatioD. 

The  bridgo  is  stippnrted  bj  four  steel  wire  cables,  each  ICJ- 
inchos  in  diameter,  oomposed  of  ^ilvunized  etect  wire,  pn'n- 
oipallj  of  No.  0  gaugo,  liaring  a  strength  of  100,000  poands 
per  «}nare  inch  of  section. 

ThtB  erunil  structarc  was  devised,  and  work  upon  it  snpcr- 
intcnded  till  his  death,  by  John  A.  Hoobling.  It  vaa  eom- 
plctcii  by  his  son,  Wa^hiogtou  A.  Rocbliiig. 

Tho  total  weight  of  tho  superatruetaro  is  6,690  tons. 
Weight  of  cables        ....        3,460    " 
Weight  of  suapondors,  rails,  flouring,  etc.  4,000    *' 

Total 14,680    ** 

The  passenger  tmffic  on  the  car?  is  fre(]tientlj  taxed  to  iti 
utmost  capacity,  nud  sovei-al  pluus  for  incroaKing  its  capacity 
have  l>een  proposcvl.  A  bill  was  recently  introduceil  into  the 
New  York  Slate  legislature  for  authorizing  the  stmctaru  of 
another  suepensiou  bridgoashort  distnuco  above  the  present  one. 
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679.  The  term  movnhl^  hrUhje  in  cotiiinonly  applied  to  a 
platform  supported  by  a  framework  of  timber  or  of  cast 
iron,  by  means  of  wliich  a  uommnnication  can  be  formed  or 
interrupted  at  pleasure  between  any  two  points  of  a  fixed 
bridge^  or  over  any  narrow  water-way.  Thew  bridges  are 
generally  denominated  draxcAind^ns,  but  this  term  is*  now,  for 
tlic  moet  part,  confined  to  thosie  movable  bridges  which  can 
be  raised  or  lowered  by  means  of  a  horist;nlal  ftxi^,  placed 
either  at  one  extremity  of  tlio  platform,  or  at  &onie  inter* 
mediate  point  between  lliu  Iwu  ends,  and  a  {u.mnterpnise  which 
la  so  connected  with  the  platform  iu  cither  caac,  that  the 
bndge  can  be  easily  mantenTred  by  a  small  [>owcr  acting 
through  the  intermedium  of  some  suitable  tnet-'liitMisin  a|»- 
plied  trj  tlie  CDuntorpoiee.  The  term  turning  or  nphujhig 
Jfridg«  is  used  when  the  bridge  is  arranged  to  turn  horiaon* 
tally  around  a  vertical  axis  placed  at  a  point  between  irR  two 
encu,  HO  tliat  tho  parta  on  each  m\e  of  \\\m  iixis  linhnnt;  each 
Other;  and  the  term  roiling  bridge  is  applied  when  the  bridge 
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fcedne  upon  roUcre,  can  be  shoved  fonrord  or  backward  hori* 
aontHlly,  to  opeu  or  interrupt  the  paasnee. 

To  the  above  may  be  added  another  class  of  morable 
bridges  used  for  the  same  purpose,  which  consist  of  a  plat- 
fonii  Bupuorted  by  a  boat,  or  other  buoyant  body,  which  can 
bo  plaoea  in  or  withdrawn  from  the  water-way  as  circam- 
slancee  may  require. 

680.  Dravr-Brld^es.  "Wlien  the  horizontal  axis  of  this 
descnptioii  of  bridge  ia  pUced  at  the  extremity  of  the  plat- 
form, the  bri<ige  is  maiiceu^Ted  by  attaching  a  chain  to  the 
other  extremity,  which  i»  connected  with  a  counterpoise  and 
a  Buitabto  mctuianism,  by  which  Uie  slight  additional  power 
required  for  raising  the  hridge  cau  be  applied. 


771/ 


0 


''n 


Pis.  VD— B1m>«*  Oi»  tD*ati« 
nf  iuBMOvTinc  ■  dniw- 
btids*  *1U>*T  bj-  •  fTkOMd 

taifeoAaA    tram    a     i|dnt 

A,  klinuncBb 

It,  Hvtkn  of  Oh  flulana. 

i,  fmm«l  iMnr. 

C  cluhi  silKticd  to  llM  mim 

at  ibe  lever  •nA  UU  fUk 

turn, 
d,  «ut  tnontbiit  Hound  tti 

ft  \mt  wUit  ftn  wtloalaUoa 
al  nuA  md  tbU  owifcf 
itir  ftnH  to  th*  pUUBcB. 

/,  (p(nl  Mcvotrlo  Liimutil 

Wllb  tht  OMBIHpOlM  t  bjr 

k  ohBln   p»wrnc  ov«r  Ik* 
■Bcirvnf  ttefnoraMe. 
Al   uain   laf    nlttag    tkm 

bridt*.    CDC    «Ml    <d    «tMl 

li  MtKbod  to  tb«  otronttr 
al  tte  iihOitna,  anl  th« 
otkcr  ta  tta   axis  «(   tM 

L  avl  paUar  onr  which  tk» 
litialii  I  lijiiMiil 

n,  «li#d  fttad  to  Um  kxiA 
of  ilw  ncuiKrh)  for  UM 
parjKKB  of  tiiTnlof  It  bf 
■BMvne     of     •ntual      paXtW 

wplM     to     Uw    Ntdlaa 


A  nnmber  of  ingenious  contrivances  have  been  put  iu 
prseticc  for  these  puii-oees.  They  consist  usually  either  of  a 
coniiterp^iieie  of  invariable  weight,  connected  with  additional 
animal  motive-power,  which  acta  with  conetant  intensity,  bnt 
with  a  variable  arm  of  lover;  or  of  a  eonnterpoipe  of  vari- 
able weiifht.  which  is  aseisted  by  animal  motive-power  acting 
witlt  an  invariable  arm  of  lever.  In  some  cases  tlic  biid^e  it 
worked  with  a  leea  oompltcatod  combination,  by  dispensing 
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with  *  coanleijxABBj  and  anpljring  anim&I  tnottv6-power,  of 
raxiable  uiteufiil,v,  aeiiiig  vnw  a  ooutaator  a  variable  mrm  of 
lever. 

Amang  [faecoinbiDAtioTU  of  the  first  kind  the  mo6t  ftimpla 
consist*  in  placin^jf  a  framed  lever  {Fjff*  2t)0)  revolving  on  a 
horizontal  axis  abovo  the  pliitforui.  Too  anterior  part  ttt  the 
frame  la  connected  with  the  movable  extrenuty  of  the  plat- 
form b}'  two  chainB.  The  pueterior  portioiu  wluch  fomu  the 
ooanterpotEe,  liaa  cliains  attached  to  it  hy  which  the  lever  caL 
be  worked  br  men. 

When  thelocalitv  doe«  not  admit  of  thia  arrangement,  the 
chain  attncbed  to  the  iiiovbIjIc  enri  of  the  platform  mav  be 
oonnected  witli  a  biiriaintal  axlo  alxive  the  ulatfurm,  to  whi^^h 
is  also  attached  a  fixed  ecc«utric  uf  a  spiral  shape  (Fig.  204)), 
connected  with  a  diaiii  that  posses  uver  its  gorge  and  sii$taiii8 
a  counterpoise  of  in\-ariiible  weight.  Upon  the  same  axlo  an 
ordinary  wheel  is  hong,  over  the  gorge  of  which  passee  au 
BDdlees  chaiu  to  uiaiiu:uvre  the  bridge  by  animal  power. 
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Of  the  combinations  of  variable  counterpoise*  the  mechan- 
ism of  M.  Poncclct,  which  has  boon  sm^cossftilly  applied  in 
uianv  instances  in  France  for  the  draw-bridges  of  military 
worltH,  is  one  <»f  the  most  simple  in  its  arr.ingemcnt  and  con- 
atruction.  The  movable  end  of  the  platform  (Fig.  '201)  in 
connected  by  a  common  chain,  that  pasties  over  the  corgo  of  a 
whoel  hnng  upon  a  horizontal  shaft  abuve  the  platform,  with 
another  chain  of  Tariablc  breadtli^  formed  of  fiat  bar  links, 
which  forms  the  counterpoise.  The  ehwn  counterpoise  is  at 
tftched  at  its  otlior  extremity  to  a  fixed  point  in  such  a  way, 
Uiat  when  the  piatfonn  ascends  a  portion  of  the  wcij^ht  or 
the  chain  is  boruc  by  this  fixed  point ;  and  thua  the  weight  of 
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the  connterpoise  decreases  as  the  platform  rises.  The  eysteiB 
IB  iimiiteiivj-ed  hy  an  endlew  chain  pasRed  over  the  gorge  of  a 
wheel  hung  ujhju  the  horizontal  shaft. 

For  light  platforms  a  ooimterpoise  may  be  dispensed  with, 
and  thehrid"^  may  be  raanoauvred  by  connecting  the  chain 
/Attached  to  the  mo\-able  end  of  the  platform  to  a  horizontal 
shaft,  wiiich  is  tnmed  by  the  usual  tooth-work  combinations. 

When    the  locality  does  sot  admit   of   mancBuvring  tlie 
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bridge  by  a  chain  e<.>nnected  with  some  point  above  the 
framework,  the  platform  ^ig.  202)  is  coutiimed  back,  from 
two-tliirda  to  thrco-fifths  it£  luiigth,  from  the  face  of  the 
abutment,  to  fbnn  a  coiintei-poise  tor  the  platform  of  the 
bridge.  The  fioHzontal  axis  of  the  bridge  is  placed  near  the 
face  of  the  abuttneut,  and  a  well  uf  a  suitable  shape  to  re- 
ceive the  pobteriur  portion  of  the  platform  that  forms  tie 
counterpoise  is  formed  behind  the  alnitment. 

The  mechanism  for  working  the  bridge  may  t'ouaist  of  a 
ciiain  and  capstan  below  the  platform-countor|K>ise,  or  of  a 
suitable  corobiuation  of  tooth-work. 

In  bridgcg  of  a  single  platform,  the  movable  extremity, 
when  the  bridge  is  lowei-ed,  rests  on  the  opposite  abutment, 
and  no  intormodiate  support  will  bo  required  for  tlie  struc- 
ture if  the  framework  be  of  sufficient  strength ;  but  when 
a  double  bridge,  consisting  of  two  platforms,  is  used,  the  plat- 
forms (Fig.  200)  should  be  supported  near  their  movableends, 
vhen  tlie  bridge  is  down,  hy  struts  movable  around  the  joint 
bv  which  they  are  counected  witli  the  face  of  the  abutments. 
Thiso  struts  are  bo  connected  with  the  bridge  that  they  are 
detached  from  it  and  drawn  up  when  it  ia  niiB*?d,aiid  fall  back 
into  their  places.  abuttino;a<^ainst  blocks  near  the  mo%-Hble  end 
of  the  platform,  when  the  bridge  is  down.  By  these  arrango- 
uieiits  the  chains  for  working  the  bridge  are  relieved  from  a 
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portioTi  of  the  strain  vhen  the  bridge  »  down,  and  It  li  atoc 
rendered  more  firm. 

Wlien  tliu  c<>iint«r|K>!6e  is  furmed  by  the  rear  part  of  tiie 

Slatform,  additional  sectiritr  may  be  given  tu  itie  bi-idge  when 
own  bj  attuJiing  two  chains  beneath  the  platform,  and  M> 
onring  tJiein  to  anchoring-pcints  at  the  bottom  of  the  mtoU, 
In  Bome  case*  a  heavy  Imr,  hited  to  staples  beneath  tonnected 
with  the  tiinbers  of  tho  platform,  ia  uaed  for  the  same  pui^ 
poee. 

In  double  bridges  the  two  platfonns  when  lowered  shonld 
atiiit  against  each  other,  giving  a  alight  elevatitm  to  the  cen- 
tre of  the  bridge.  Tliis  not  only  gives  greater  ittiffness^  bat 
is  favorable  to  dataclting  the  platforms  when  tho  bridge  is  to 
be  raised. 

For  draw,  and  erory  kiud  of  movable  bridge,  temporary 
barrier*  should  be  ereeled  on  each  side  at  the  ciitraiii-'e  upon 
the  bridgt!,  tri  prevent  accidents  by  persons  nttoinnting  to, 
eroes  die  bridge  before  it  is  pr^tperiy  eeonred  when  lowered. 

681.  Turning-bridges.  These  bndgee  revolve  hurizoulallv 
upon  a  vertical  tsliaft  or  gudgeon  below  tlie  platform,  whicn 
is  nsiially  thrown  far  enough  back  fi-om  the  face  of  the  abut- 
ment to  place  the  side  of  the  bridge,  when  brought  round, 
jnat  within  tliis  face.  Tho  weights  of  the  paits  of  the  bridgo 
around  the  shaft  should  balance  each  other. 
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To  support  and  manoeuvre  the  bridge  (Fig.  90S)  a  circular 
ring  of  iron,  or  Tofler-way^  of  leas  diameter  than  tlio  breadth 
of  the  bridge,  and  concentric  witli  tho  vertical  phafr,  is  finnly 
imbedded  m  maeonrv.  Fixed  mllers,  in  the  xhape  of  trun- 
cated cones,  are  attached  nt  e<iu&l  dtHtnitcom  a[)urt  to  the  frame- 
work of  th«  platform  Ijcneatn,  and  rest  uptn  t!ie  roller-way. 
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The  bridge  is  -vrorked  by  a  suitably  arranged  totith-work,  oi 
by  a  <;haiii  and  capplau.  la  aoine  i-tiAm  caat-iron  balls,  r-^i' 
lug  on  a  gr()f)ved  ntller-wnv,  and  fitting  into  one  of  oirro- 
spuuding  shape  Jixed  l>enoath  the  plarfonti,  have  been  used 
for  mauoeuvriiig  the  bridgu. 

The  ends  of  the  bridge  are  mit  in  the  shape  of  circular  ana 
to  fit  receeeea  of  a  4»trrei!;p<>ridina;  form  in  the  abtitmenta,  so 
arraDged  as  not  to  impedia  the  ulay  of  the  btidge. 

In  double-turning  hrldses  tlie  two  ends  of  tlie  platfoniia 
whii:b  come  together  shciiTd  be  of  a  curved  Rhapc.  The  plat^ 
forms  should  be  Buetaiued  from  beneath  by  strut*,  like  tliuse 
naed  for draw-bridgeji,  which  cau  be  detached  and  drawn  into 
recesses  when  the  passaj^te  is  interrupted ;  or  eUe  they  may 
bo  arranged  with  a  b3U-iind-su<:kut  joint  at  their  lower  ex- 
tremity, so  as  to  bo  brought  round  with  the  bridge.  For  the 
purpoee  of  giving  additional  strength  and  sei-untv  to  the 
bridge,  iron  stays  are,  in  some  cases,  attached  on  each  side  of 
the  platform  near  the  extreniities,  and  connected  with  verti- 
cal ix»tfi  placed  in  a  line  with  the  vo-tical  shaft. 

Tuni  in  ^-bridges  may  be  made  either  of  timber  or  of  cast 
iron;  the  latter  material  is  tlie  more  suitable,  as  admitting  of 
more  accuitu^y  of  wurkinaufthip,  and  not  being  liable  Uj  the 
derangements  caused  by  the  shrinking  or  warping  of  frame* 
work  of  timber. 

632.  Swing  Bridge  at  Providence,  R.  I.  Tlie  details  of 
this  britlgc  arc  worthy  of  special  study.  An  account  of  it 
is  published  in  the  LoTtdon  Kn</ineering  for  March  2Ut, 
1373.  Fig.  204  is  au  elevation  of  the  bridge,  and  the  right- 
hand  half  of  Fig.  305  is  a  plan  of  the  tni&s  wm-k  under  the 
roadway,  and  the  left-hand  naif  the  plan  of  tlie  roadway  and 
truss  work.  Fig.  2U6  is  a  section  of  tlie  tuni-table  for  sup- 
porting the  bridge.  An  eeeential  part  is  the  four  compound 
radial  anus,  G  ft,  F  F,  Fig.  *200,  the  lower  parts  uf  which 
are  of  cast-iron  comprci>sion  members,  and  the  upper  parte 
of  two  wrought-intn  rods  each. 

The  whole  structure  retits  upon  a  nest  of  conical  niUere,  I  1 
(Fig.  206),  upon  which  it  tuma  aa  it  moves  about.  There  are 
several  small  wheels  &,  &,  h,  which  are  under  the  turn-table, 
and  servo  only  to  steady  it  in  caso  it  tonda  to  tip  in  any  di- 
rection. 

The  strains  on  the  several  moinbcrs  were  computed  under 
tliree  hvjwthesBs,  viz. :  1st.  The  strains  due  to  the  w^eighl  of 
tlie  truss  onlv  when  the  draw  was  open.  These  strains  wei-e 
aiMnincd  to  be  tlie  same  as  when  it  whs  closed  and  unloaded, 
for  uo  part  of  the  weiji^t  of  the  bridge  was  supposed  to  be 
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supported  at  ila  endK,  although  the  ends  were  pinned  to  keep 
them  ^m  risiug  whou  oulv  uuo  {lart  M-aa  loaded.  Sd.  One 
half  wae  suppoeea  to  be  loaded  while  the  other  end  was  held 
down  by  the  pin  ;  and  3d.  The  bridge  was  euppoeed  to  be 
loaded  uuifumuj  throughout. 

The  call  for  propi«als  specified  that  the  rolling:  load  sliould 
be  8^200  Ibe.  per  lineal  foot  of  tbo  bridfgc,  and  tjiat  t]ie 
wrought  iron  uiould  not  be  Btraincd  in  tension  to  exceed 
1S,0W  lbs.  per  sqnare  inch,  or  in  comj^ression  8,000  lbs.  per 
equare  inch.  The  following  tables  give  tlio  resiilta  of  the 
original  computations  for  the  strains  and  the  dimensions  of 
the  pieces  used.  The  engineer,  Charles  McDonald,  of  Kew 
York  City,  states  that  a  review  of  tlie  computatiuns  after  the 
structure  was  completed,  confirmed  tlie  general  i'e6ults,  al- 
though in  8c>mo  cases  the  actual  straius  exceed  those  previ- 
ously detenmned  by  a  Riuatl  luuount.  Altliough  the  analysis 
shows  (see  Table  IL),  tliat  tliere  is  ctimpressiun  on  tlio  fourth 
and  lifth  bay  of  the  upper  chord,  yet  there  is  no  tendency  to 
a  strain  on  Uie  counter-diagonals  in  those  panels.  The  incli- 
nation of  the  upper  chord  acta  as  a  brace  and  thus  prevents 
any  strain  in  the  direction  of  the  coiuiter-tie  in  those  panels. 

Tablb  Ka  l.—Siffulnff  TaUt  Straini  on  ParU  oAm  Ai  IHdg*  it  Oprni,, 
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683.  Rolling-bridges.  Tliese  bridcee  are  placed  upon 
fixed  rollers,  b<>  that  thev  can  be  moved  foi  ward  or  backward, 
to  iiilernipt  or  o('cn  tlie  of.minunication  across  the  water- 
■WAJ.  The  part  of  the  bridge  tiiat  rests  upon  the  rollen, 
when  the  pasea^  is  closed,  must  form  a  coutiterpoiee  to  the 
other.  The  mechanism  usually  employed  for  lnanfB^^TiTlg 
these  bridges  consists  of  tooth-work,  and  m&y  be  so  arranged 
that  it  can  be  worked  by  one  or  more  persons  standing  on  the 
bridee.  Inetoad  nf  fixed  rollers  turning  on  axlea,  irmi  ball«, 
resting  in  a  grooved  roller-way,  niav  be  used,  a  similar  roller- 
war  beitig  affixed  to  the  framework  beneath. 

034.  Boat-bridge.  A  movable  bridge  of  this  kind  may 
be  made  by  placing  a  platform  to  form  a  roadway  upon  a 
boat,  or  a  water-ti^nt  box  of  a  suitable  shape.  This  bridge 
18  placed  in,  or  withdrawn  from  the  water-way,  as  circum- 
Btancea  may  require,  a  suitable  recess  or  mooring  being  ar- 
ranged for  it  near  tbs  water-way  when  it  is  left  open. 

A  bridge  of  this  character  oannot  be  •;onveiiiently  used  in 
tidal  walera,  except  at  certain  stages  of  the  water.  It  may 
be  employed  vitti  advantage  on  canals  in  poeitions  where  a 
fixed  bridge  could  not  be  placed. 

IX. 

AQDHOCCrr  BRIDOKa 

685.  In  aqueducts  and  aqueduct-brid^  of  masonry,  foi 
supplying  resorvoire  for  the  wants  of  ^  city,  or  fur  any' other 
purpose,  the  volinne  of  water  oonveyed  being,  generallv 
speaking,  email,  the  structure  will  prewnt  no  peculiar  ditH- 
cultics  beyond  affording  a  water-tight  channel.  This  may  be 
made  either  of  masonry,  or  of  cast-iron  pipes,  acconling  to 
the  quantity  of  water  to  be  delivered.  If  formed  of  nm8<mry, 
the  sides  and  bottom  of  the  channel  should  be  laid  in  the 
most  careful  maimer  witli  hyrlranlic  cement,  and  tlie  surfaoe 
in  contact  with  the  water  should  receive  a  coating  of  the 
same  material,  particularly  if  the  stone  or  brick  used  be  of  a 
porous  nature.  This  part  of  the  structure  should  not  bo 
commenced  nntil  tlie  arches  have  iioen  uncentml  and  the 
heavier  parts  of  the  structure  haTO  been  carried  up  and  liave 
had  time  to  settle.  The  interior  spandrel-fillins;.  to  the  level 
of  the  masonry  which  forms  the  bottom  of  the  waterway, 
may  either  be  formed  of  solid  material,  of  good  rubble  laid 
in  hydraulic  cement,  or  of  beton  well  settled  in  layere ;  or  a 
system  uf  interior  walls,  like  tliose  used  in  comnu  n  bridge* 
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i<^T  iho  support  of  t)ie  roadway,  may  be  nsed  in  thtB  case  foi 
the  masonry  of  the  water-way  to  rust  «i. 

636.  In  cAnnl  aqn{Hl net-bridges  of  niasonr}',  as  the  volnmc 
of  water  n-tjiiired  fur  the  piirtKisce  of  navigation  is  n)uch 
greater  than  in  tlie  case  of  orainarv  aqueducts,  and  as  the 
Biriicture  has  to  be  traversed  by  borses,  every  precaution 
should  be  taken  to  procure  great  Bolidity,  and  secure  the 
work  from  aceidents. 

Segment  arches  of  medium  span  will  generally  be  found, 
most  Bniiable  for  works  of  this  character.  The  section  o£i 
the  water-way  h  generally  of  a  traj«>zoidal  fonn,  the  b*>ttoai 
line  being  horizontal,  and  the  two  nides  receiving  a  idiglit 
batir;  its  dimensions  are  usually  restricted  to  alluw  Uie  pas- 
sage uf  a  single  lioat  at  a  time.  On  one  sido  of  tlio  water- 
way a  horse  or  tt/W-patJi  is  placed,  and  on  the  other  a  narrow 
footpath.  The  waterway  Miould  bo  faced  with  a  hard  cat- 
stone  masonry,  well  bonded  to  secure  it  from  damage  frotn 
the  passage  itf  the  b"«ts.  The  space  Uelween  iJic  facing  of 
the  water-way,  termed  the  truiikoi  the  aqueduct,  and  the 
head-walls,  is  tilled  in  with  solid  material,  either  of  rubble  or 
of  boton. 

A  parapet-wall  of  the  ordinary  form  and  dimensions  sui- 
monnts  the  tow  and  foot  paths. 

The  approach  to  an  aqueduct-bridge  from  a  canal  is  made 
by  gradually  inercAsing  the  width  of  (ho  trunk  l>etween  the 
wings,  which,  for  this  purpose,  usually  receives  a  cur^'ed 
shape,  and  narrowing  the  water-way  of  the  canal  so  as  to 
fonii  a  convenient  acije.8«  to  tlie  aqueduct.  Orcat  care  should 
bo  taken  to  form  a  perfectly  water-tight  junction  between  i 
the  two  works. 

681.  When  caet  iron  or  timber  is  used  for  the  trunk  of  an 
aqiieth let- bridge,  the  abntraents  and  piers  should  be  built  of 
stone.  The  trunk,  which,  if  of  cast  iron,  is  formed  of  plat^ 
with  flanches  to  connect  them,  or,  if  of  timber,  euusists  of 
one  or  two  tlnckne^wes  of  plank  supported  on  the  outside  by 
a  framing  of  scantling,  may  be  supjHirtcd  hv  a  bridge-frame 
of  cast  iron,  or  of  timber,  or  be  Auspendud  from  chains  ur 
wire  cables. 

Tlie  tow-path  may  be  placed  either  within  the  water-way, 
or,  as  is  most  usually  done,  without.  It  generally  consitits  of 
ft  simple  flooring  of  plank  laid  on  crofiajoists  supported  from 
beneath  by  suitably-arranged  frameworlL 
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A88.  A  Roof  in  common  langn&s«,  is  the  covering  over  a 
etmctore,  the  chief  object  of  which  w  to  protect  the  buiMiiic 
Egsinfit  the  effects  of  snow  and  rain.  It  is  ooinptised  of 
boards,  shingles,  elate,  mastic,  or  othor  snitable  materials.    - 
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The  inclined  pieces  AC,  and  BO,  Fig.  207,  which  support 
the  roof  are  called  raffera.  >Vhen  the  roof  is  light,  the  roof 
boards  DE  arc  jilaced  directly  upon  the  rafters,  but  when  the 
rafters  are  far  apart,  sav  more  than  four  feeC,  small  pieces  a, 
6,  c,  and  rf,  called  j)'trlnt»*  are  placed  across  the  rarten  for 
the  pnri.>ose  of  receiving  the  roof  proper.  AB  ia  a  tie,  and 
F  and  Ct  reprcjicnt  the  ends  of  poeta.  The  frame  AJBG  ia 
called  a  roojtrfunt. 

889.  Roof  Trusses  have  a  great  variety  of  forms,  and 
differ  greatly  in  the  details  of  their  construction.  All  the 
tmsfieA  which  have  been  discussed  in  the  preceding  pagi^  arc 
Buitable  for  this  purpose  in  many  cases.  Some  other  forms 
arc  given  in  the  lullnwinij  pages. 

690.  General  Data.  A  roof  trtiss  is  required  to  oarry 
its  own  weight,  the  weight  of  the  purlins,  tlie  weight  of  tlw 

*  Pmlin  btamM  an  Mtaettnm  pbood  undor  Uie  nfian. 
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roof  above  them,  the  force  of  rlie  wind,  the  Mci^ht  of  snow 
whtjn  there  is  any,  and  in  some  ca^ea  certain  local  orconcon* 
trat4.>d  luada,  eucb  as  fltjore,  lUHuhiiicry,  and  the  like,  whiub 
arc  Hnei)cnLlcd  from  tlm  ronf  triisfice. 

69L  The  Weight  of  Snow.  Freshly  fallen  enow  weighs 
from  five  to  twelve  lbs.  per  cubic  foot,  ulthoiij^h  enow  which 
ia  saturated  with  water  weighs  mueli  more.  Some  say  that 
auow  18  eqtuvalent  to  from  A  to  i  of  its  depth  in  water, 
while  otherB  say  that  it  may  be  e^juivaleiit  to  j  ita  depth  of 
water. 

European  cn^inccra  conssdor  that  six  lbs.  per  square  foot 
is  sntlicient  for  8now,  and  eight  11^.  for  the  pressure  of  the 
wind,  tiinking  fourteen  lbs.  fur  U'th.  Trautwine  thinks  that 
not  \e»&  than  twenty  lbs.  should  be  allowed  in  tlie  United 
States. 

692.  The  Force  of  the  Wind.  According  to  Mr. 
Smcaton,  the  pressure  of  the  wind  directly  against  a  flat  sor- 
face  in  a  hurricftnc  may  be  32  lbs.  jjer  square  foot,  Tred- 
gold  recommends  on  allowance  of  40  lbs.  j>er  eqiiuro  foot. 
A  gauge  in  Uli-ard  College  broke  under  a  strain  of  42  U>&.  per 
square  foot,  whilst  a  tornado  was  passing  near  by.  During 
the  severest  galo  on  record  at  Livor^Mtul,  Kngliind,  there  waa 
a  pressure  of  42  lbs.  per  square  foot  directly  upon  a  flat  sur- 
face. During  a  very  violent  gale  in  Seoflaiid,  a  wind-gauge 
once  indicated  45  lljs.  per  square  foot  Buildings  which  are 
more  or  lees  protected  will  not  be  subjected  to  such  high 
pressures. 
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693.  Tiie  truss  of  a  roof,  for  ordinary  bearines,  conBista 
(Fig.  20S)  of  a  horizontal  beam  termed  the  ^ie-wcwH,  with 
wluch  the  hiclincd  beams,  tenned  the  prhuytpal  raftera^  are 
oonnected   by  suitable  joints.     The   principal   rafters  may 
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eilher  abut  against  each  other  at  the  ttip  oi  ridffej  or  agaiasl 
B  king  }»o6t  Inolined  struts  nro  in  some  cases  placed  l»e- 
tween  tlie  principal  rafters  and  king  po«t,  with  which  thej 
are  connected  by  Biiitabte  joints. 

For  wider  bearings  the  short  rafters  C^ig*  209)  abut  againrt 
a  straining  beam  at  me  top.  Queen  posts  connect  these  piece* 
with  the  tie-beam.  A  king  post  connects  the  stnunin^  beam 
with  the  top  of  the  sliort  rafters ;  and  struts  are  placed  at 
anitable  points  between  the  rafters  and  king  and  qneen  posts. 


Fl(.  AM— Retreaebta  k  not  Vvm  br  wUt 
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In  each  of  these  oombinattons  the  weight  of  the  roof 
covering  and  the  frames  is  supported  by  the  points  of  support. 
The  pnncipttl  rafterw  are  subjetrled  tn  cross  and  hmg-'udina] 
Rtraina,  arising  from  the  weight  of  the  roof  covering  at  d  from 
their  reciprocal  action  on  each  other.  These  strains  are 
trausmittcd  to  the  tie-beam,  cansing  a  Btrain  of  tension  upon 
it  The  stmts  resist  the  cross  strain  upon  the  rafters  and 
prevent  them  from  sagging ;  and  the  king  and  qneen  poets 
prevent  the  tie  and  straimng  beams  from  sagging  and  give 
iK>int8  of  support  to  the  struts.  The  short  rafters  and  strain- 
ing beam  form  points  of  supiiort  which  resist  the  cross  strain 
on  the  principal  raftere,  and  support  tlie  strain  on  the  queen 
posts. 

694.  Tios  and  Braces  fbr  Detached  Frames.  When  a 
series  of  frames  ooncar  to  one  end,  as,  for  example,  the  main 
beams  of  a  bridge,  the  trusses  of  a  roof,  ribs  of  a  centre,  etc, 
they  require  to  do  tied  together  and  stiffened  by  other  beams 
to  prevent  any  displacement  and  warping  of  the  frames. 
For  tliis  pnrp<«e  beams  are  placed  in  a  horizontal  pfAition 
and  notched  upon  each  frame  at  suitable  points  to  connect 
the  whole  togetlier;  while  others  are  placed  croasing  each 
other,  in  a  diagonal  direction,  between  each  pair  of  frames, 
with  which  they  are  united  by  suitable  jotnla,  to  stiffen  the 
frames  and  prevent  them  from  yielding  to  any  lateral  effort. 
IkiUi  the  tiesand  the  diagonal  braces  may  be  either  of  single 
beams,  or  of  beams  in  pairs,  so  arranged  as  to  emb.-ace 
between  them  the  part  oi  the  frames  with  which  they  w« 
connected. 
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606.  Iron  Roof  Trusaes.  Framee  of  iron  for  roofs  llav^ 
'been  made  cither  entirely  of  wrought  iron,  or  of  a  oombina- 
tion  of  wTOiiefat  and  east  iron,  or  of  these  two  last  materials 
oiMnhined  with  timber.  Ttie  combinations  for  the  tmeses  of 
roofs  of  iron  are  in  all  respecta  the  same  as  in  those  for  tim- 
ber trtiBees.  Tlie  parts  of  tlie  truss  subjected  to  a  cross  strain, 
or  to  one  af  compression,  are  arranged  to  give  the  most  auit^ 
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fig.  tlft— B«(fiMBf  tbft  bkir  of  ■  ETTiM  tor  Oh  «tn«  btdUtDf  cooipoari  dT  wronchi  maA 

a,  m,  fMthand  Mmtt  tf  oMt-Inn. 
t.  ••  «uiT«—loa  ban  !■  Min. 
•n,  n,  Ue  Hid  Mndnlac  Urn 

A<,uid/,/,  otMiaMidMUflttMinaiMlflrla  lb»  mtHttm  todkUm  owwcMd  wbb  Ui»  ■» 
paniMbm 

able  forms  for  strenpth,  and  to  adapt  tliem  to  Uie  object  in 
*iew.  Tlie  parts  subjected  to  a  Rtrain  (if  t'\teii&iun,  us  the 
tio-beam  and  king  and  qneen  posts,  are  made  citlior  of 
wronght  iron  or  timber,  as  ma/  be  found  best  adapted  to  tho 
farticnlar  end  propoeecL 
The  joints  are  in  some  cases  arranged  bj  inserting  tlie  eudi 
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of  tho  beams,  or  bars,  in  cast-iron  Bocket&  or  shoes  of  a  suita- 
ble form ;  in  others  die  beams  are  united  by  joints  arran^^ 
like  those  for  timber  frunee,  the  joints  in  all  cases  being 
aecnred  by  wron^t-iron  bolts  and  l^ya.  (Figs.  210.  211  ana 
212.) 


rig-  111— BepraamU  the  halt  of  •  tnua  of  wrongl't  iron  for  the  new  Hcnmm  of  PuUtnwn^ 
Kngluul.  The  plaoea  of  thta  tmM  uv  formed  of  ben  of  ■  rect>i)(nler  MCtlon,  The  JolBti 
■re  wcnred  bj  ceM-lroo  KckMi,  witUn  wblcli  tb*  Had*  of  t&a  ban  um  ncnnd  by  lOMr 


696.  Fig.  213  shows  a  very  common  form  of  the  roofs  at 
gas-honses. 

This  here  shown  is  supposed  to  be  made  entirely  (vf  iron 
At  the  ridge  is  a  Teutilator  to  allow  the  escape  of  gasos. 
The  maimer  of  joining  the  parts  is  sufficiently  shown  in  the 
figure. 


rm.  ««-i!>ii«iwi  wMf  If  *  ^1  ail 

C,  a,  '"  A>  Mdi  da. 

■L  r.  ^  dM  nMdlaaJT. 

66^7.  Fij^.  214  show?  a  mode  of  aecondarr  traaBinsr-  A  »  a 
Mrnt  for  snpporting'  the  middle  of  the  main  nfcer.  The 
lower  end  oi  A  is  secured  to  a  block  which  ia  ropponed  br 
the  tie-roda  B  and  D.  The  tie-roda  C  and  D  serve  the  office 
<rf  a  tnif^  tie-  for  rapportiz^i;  the  lover  end  of  £.    I&  tha 
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Wfty  the  rod  D  performs  a  double  office.  It  may  be  question- 
able whether  this  arrangement  is  as  good  as  it  irould  be  to 
have  one  continuous  rod  pasa  from  E  to  F,  and  anotUtT 
rod  (D)  to  act  with  B. 


■■TM  tha  olllaa  at  k  oaUiaaa^  dm  tar  aippartiag  cLa  lower  and  of  Um  turn  E. 

It  raav  be  obRerved  that  in  this  Fig.  the  tie-rods  are  in- 
clined and  miicli  longer  than  the  atmta,  which  is  the  reverse 
of  tbecondition  in  Fie;.  21S.  If  iron  only  is  uac'd  the  arrange* 
meat  of  Fi<^.  214  will  f^nerallv  be  the  mnet  economical, 
but  if  wooden  stmts  are  used  the  plan  of  Fig.  213  may  be 
preferable. 


ris.  I1&. 


698.  Depot  Hoof  Tnias.  Fig.  215  shows  a  truss  which 
has  been  Ubed  in  mau y  »ises  for  supporttug  the  n/oin  of  depots 
tnd  of  other  large  ijuildiiij^    'Hie  [lassouger  du];ot  of  the 
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Michigan  Central  RailiiMd  at  Chica^  was  built  after  tliia 
plniL  It  wag  ileal  roved  by  the  j^reat  fire  in  ItiTl.  The  plan 
tif  tlie  arch  is  a  llowo  tniee,  having  curved  wotxkn  chords, 
w(H>den  braitcfl  and  iron  tics  to  connect  the  two  uhordA.  The 
trum  fonned  an  arch,  the  thnist  of  which  was  resisted  by  a 
loiia  hon'zuutal  tie-riid. 

Tiie  same  style  was  adopted  in  the  new  roof  over  the  depot 
at  Truy,  New  York :  and  the  Grand  Centrai  Depot  in  hevr 
York  City. 

689.  A  novel  pinn  was  used  in  making  the  roof  over  the 
rolling-niillE.  at  MiUvaukcc,  Wis.  Au  arch  was  made  of 
boarda  eo  placed  us  to  break  joints  and  form  a  rib  alxiiit  a 
foot  wide  and  eighteen  intOicH  duep,  and  one  hundred  and 
eighty  feet  Bjmu.  Tlie  boards  were  bolted  tt>gether  so  as  to 
make  the  rib  continuous,  and  then  Uie  upper  pai-t  of  the  arch, 
was  trnsAed  after  tlie  Howe  plan.  The  main  objects  of  this 
plan  were  cheapness  and  to  secure  the  whole  inclosed  area 
free  from  posts  or  other  similar  ubstructiuns.  But  it  we*] 
found  that  the  aruh  was  too  weak,  espocially  when  required 
to  carry  the  Inr^j^e  \-entilntor  which  was  placed  over  U,  aiid' 
|KiHts  were  afterwards  added. 

700.  Roofb  and  Domes.  In  some  cases — cfi|>ooially  in  state 
buildi  ngs — domes  are  placed  ii]>on  roofs  for  architectural  effect. 

na.  as. 


lU 
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Rgi.  lU  ud  BT— An  l««  ksHa^  wUcli  mn  mod*  In  fin,  mu)  an  phmt  famfwi  k 
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Tho  dcrao  nf  the  State  capitol,  Vermont,  reett  upon  woodee 
tniBsfs  (Fig9.  21C  iiiul  iil7\  Imvjiig  n  sjmii  of  Bixty-scven  feet 
four  inches^  The  tnifiecs  are  supiiorted  at  flie  ends  only.  They 
&ro  placed  111  pairs,  fourteeu  inches  apart.  The  Fig.  ihowi 
two  pairs.  They  are  connected  by  short  cross  beams.  00/ 
unoii  which  reft  other  timbers,  A,  lur  receiviug  the  jxi^ts,  C, 
or  the  dome.  It  ie  profitable  for  tlie  student  to  make  a  cai-eful 
•tudv  (if  iJii'  delnils  of  tlus  etriicture. 

*\\*]iore  the  thrufit  is  severe  esjwcial  I'are  should  be  taken  to 
secnre  a  good  bearing  for  the  ends  of  the  timbers.  I^Iie  lower 
ends  of  tlif  main  rafters  tend  to  shear  the  niiiiu  tie  at  ite  ends, 
and  to  iiroveiit  tliis  action  tliey  should  enter  tlio  tie  at  a 
reasonable  distance  fn^m  its  ends.  The  bearing  pieces  are  of 
white  oak,  and  the  rest  of  the  timber  is  spruce.  Tho  trusses 
are  constructed  differently,  because  the  post6  of  tlie  dome 
bear  ujmn  tlieni  in  dlflfurcnt  places. 

701.  Roof  over  the  large  hall  of  the  University  ol 
Michigan.  This  truss  and  dome  presents  a  very  novel  fea- 
ture {\*ig.  218),  inasmuch  as  a  part  of  the  dome  rvaxs  directly, 
or  nearly  so,  upon  the  posts  wbicJi  support  tlie  rtujf,  while  the 
other  part  rests  directly  npon  the  trusses  which  support  tho 
roof.  The  epan  is  eighty  feet  in  tlie  clear,  and  the  depth  of  the 
trusses  is  sixteen  feet.  Tlie  raa'in  rafters  are  pieces  of  solid 
pine  fourteen  inches  wide  by  sixteen  iiiclies  di-ep.  Thcv  are 
not  of  ecpml  lengUi,  the  longer  ones  having  a  horizontal  run 
of  forty-seven  feet,  and  the  shorter  once  tliirty-three  feet. 
The  secondary  trussing  is  distributed  according  to  the  strains. 
The  dome  is  thirty  feet  in  diameter  at  the  base. 

The  ceiling  of"  tho  large  hall  being  attached  directly  to 
trusses,  it  was  uecevsary  tu  make  very  strong  trusses,  so  that 
tlie  action  of  the  wind  upon  the  dome,  and  h1si>  the  effect  of 
tlic  changes  of  temjierature  might  not  so  disturb  tho  truBMl 
by  canaiiig  them  to  dotleet,  as  to  destroy  tho  ceiling.  (For  a 
oomputatjuu  of  the  partti,  see  WooiT^i  Jirtdy^s  atulRocfuj  p^t. 


K0AD6. 


408 


OHAPTER  Vn. 
BOAne. 


L  COMMON   ROADS.      U.    BAILSOAM. 

702.  In  establishing  a  lino  of  internal  commiinimtion  of 
any  character,  wbetbur  it  he  an  onlinary  road,  railroad,  or 
canal,  the  main  RonsiderationB  to  which  uio  attention  of  the 
engineer  must  be  directed  in  the  outset  are:  1,  tlie  probable 
character  and  amount  of  traflic  over  the  line ;  3,  the  ^\*ants  of 
the  community  in  the  nuighburhtxid  uf  the  line ;  3.  the  nat* 
ural  features  of  the  country,  between  the  points  »>f  arTit<al 
aitd  daparture^  as  regards  their  adaptation  to  the  proposed 
communteation. 

As  the  last  point  alune  comes  exclusively  within  the  prov- 
ince of  the  engineer's  art,  and  within  the  limits  prescribed  to 
this  work,  attention  will  be  confined  solely  to  its  oonsi deration. 

703.  Reoonnaissanoe.  A  thorough  examination  and  study 
of  t}iD  ground  by  the  eye,  termed  a  j-ecoimauMinoaj  is  an  in- 
disjteuMible  pix-liminary  to  any  more  acoiirate  and  minute 
surrey  by  inatruraents,  to  avoid  loss  of  time,  as  by  this  more 
rapid  operation  any  gnjund  nnfiuilablo  for  the  pru[K.«HHl  Hue 
will  be  as  certainly  detected  by  a  person  of  some  experience, 
as  it  could  be  by  the  slow  process  of  an  iustrmncutal  survey. 
Before,  however,  proceeding  to  make  a  reoounaiasanee,  a  care- 
ftd  infipwtion  of  tlie  general  maps  of  tJiat  noition  of  the 
countr)'  through  whic-Ji  the  communication  is  to  pass  will 
fat*ilitut«,  and  may  cousldt-mbly  abridge  the  labors  uf  the  en* 
ginecr;  as  from  tlie  natural  ftiatiires  laid  do\ra  ni>on  them, 
particularly  tlie  direction  of  tJie  water-courses,  he  will  at  once 
be  able  to  detect  those  points  which  will  bo  favorable,  or 
otlierwibe,  to  the  general  direction  solw^tod  for  the  lino.  Tliia 
will  bo  sufficiently  evident  when  it  is  considered— 1,  that  the 
water-courses  are  neccsBarily  the  lowest  lines  of  the  vallejT 
through  which  they  flow,  and  that  their  din^ction  must  also  bo 
that  of  the  lincA  of  greatest  declivity  of  their  respective  val- 
leys; 3,  that  from  the  position  of  the  water-courses  the  pod- 
liou  also  of  Uic  high  grounds  by  which  they  are  separated 
aaturally  follows,  as  weU  as  tlio  approximate  position  at  least 
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of  tho  rid^ee,  or  highest  h'ncs  of  the  hij^h  grounds,  which 
eeparato  their  opposite  eIo|>e8,  and  which  are  at  tho  same  time 
the  Itnefl  of  greatest  declivity  ciiminon  to  these  slopes,  a«  tlie 
water-cour&eA  are  the  oorroepuiiding  lines  of  the  uopea  thmt 
form  the  vallevs. 

Keeiiiii);^  these  facts  (wliich  are  stisceptiWe  of  riffid  mathc^ 
raatirAl  demonstration)  in  view,  it  will  he  praclicable,  from  a 
careful  examination  of  an  ordinarr  general  map,  if  auciir«.te1jr 
con8tnicted,not  onlv  to  trace,  with  oonsidcrable  accuracy,  tho 
general  direction  of  tho  ridges  from  having  that  of  the  wator- 
courses.  hut  also  to  det«ct  those  depressions  in  them  which 
will  be  favorable  to  the  passage  of  a  communication  intended 
to  oi"mnec;t  two  main  or  two  f»ec/>ndarv  vbUc^'S.  The  fullow- 
ing  ilhifltrations  may  serve  to  place  this  subject  in  a  cleiirer 
BBpect. 

If,  fur  example,  it  be  found  that  on  any  pordoD  of  m  map 
the  water-courses  seem  to  diverge  from  or  convei^  towaras 
cue  poiut,  it  will  he  evident  tltat  the  ground  in  the  first  cftso 
must  be  the  common  source  or  supp^  of  the  water-con rseB, 
and  therefore  the  highest ;  and  in  tno  second  ease  that  it  Is 
the  lowest,  and  forma  their  common  recipient 

If  two  water-conrses  flow  in  opposite  directions  from  a  coni- 
monptint,  it  will  show  tliat  this  is  Uie  point  from  whicli  they 
derive  their  common  supply,  at  the  head  of  tlieir  respective 
valleys,  and  that  it  must  oo  fed  by  the  slopes  of  high  gronnda 
•hove  this  point ;  or,  in  other  words,  that  the  valleys  of  the 
two  water-courses  are  separated  by  a  chain  of  high  "grounds, 
which,  at  tlie  point  where  it  crosses  tliem,  presents  a  depres- 
sion in  its  ridge,  which  would  be  tlie  natural  position  lor  a 
commimication  connecting  the  two  vallevs. 

If  two  water-cmniGS  flow  in  the  same  direction  and  parallel 
to  each  other,  it  will  giitiply  indicate  a  general  inclination  of 
tho  ridge  between  them,  m  the  same  direction  as  llint  of  tho 
water-courses.  The  ridge,  however,  may  present  in  its  course 
elevations  and  'Jepresaiims,  which  will  be  indicated  by  tho 
points  in  which  tiie  H-ater-coui-ses  of  the  secondary  valleys, 
on  each  side  of  it,  intersect  each  other  on  it ;  and  uiese  will 
be  tho  lowest  points  at  which  lines  of  coimnnni cation,  through 
the  secondai-y  valloys,  connecting  the  main  water-course*, 
would  cross  the  divi'dinj;  ridge. 

If  two  watcr-couTBea  flow  in  the  same  direction,  and  paral- 
lel to  each  other,  and  tlien  at  a  certain  point  assume  divergent 
directions,  it  will  indicate  that  this  is  tne  lowest  point  ox  the 
ridge  between  them. 

It  two  water-courses  flow  in  parallel  but  opposite  directiona 
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depressions  in  the  ridge  between  them  will  be  Bhown  bj 
the  rooetiug  of  tlie  water-ouirw*  of  the  secondary  vallevB  on 
tlm  ridgo ;  or  liy  an  apprt>ach  towartls  each  other,  at  any  point, 
of  the  two  principal  water-eourBeB. 

Furiiislicd  with  the  data  obtained  from  the  maps,  the  char 
BCter  of  the  ground  should  be  t--arefully  studied  both  ways 
by  the  engineer,  first  from  the  point  of  departure  to  that  of 
arrival,  and  then  returuiug  fix>ui  the  latter  to  the  fonaer,  aa 
without  this  donble  traverso  natural  featurea  of  eaaontial  im- 
jmrtaiiije  might  escape  the  eye. 

"704,  Surveys.  Fi-ora  the  result*  of  the  reconnaiaaance, 
the  engineer  will  be  able  to  direct  underetandiugly  the  requi* 
•ite  survevs,  which  cunsi&t  in  measuriug  tlie  length^^,  determin- 
ing the  directions,  and  ascertaining  both  the  longitudinal  and 
cross  levels  of  the  different  route*,  or,  as  thev  are  termed, 
triamnesy  with  sufficient  accuracy  to  enable  nim  to  make  a 
comparative  estimate  both  uf  their  practicability  and  coat. 
Aa  tne  expense  of  making  the  requisite  snn'eya  is  usually  but 
a  small  item  compared  with  that  uf  constructing  the  commu- 
nication, no  labor  should  be  sparod  in  running  every  practica- 
ble line,  as  otherwise  natural  features  might  be  overlooked 
which  might  have  an  important  influence  on  the  cost  of  con- 
Btruction. 

TO5.  Map  and  Memoir.  The  results  of  the  surveys  are 
■ecnratelv  embodied  in  a  map  exhibiting  minutely  the  topc^ 
graphical  features  and  sections  of  tlie  different  trial-lines, 
and  in  a  memoir  which  should  contain  a  particular  descrip- 
tion of  th<we  features  of  the  ground  that  cannot  be  ttbown  on 
■  map,  with  all  such  infonnation  on  other  points  that  may 
be  n.*gan.lcd  a."*  favorable,  or  otherwise,  to  tlie  proposed  coin- 
manieatioii ;  as,  for  oxaniple,  the  nature  of  the  soil,  that  of 
the  water-oourses  met  with,  etc.,  etc. 

706.  Looation  of  Common  Roads.  In  selecting  atiiong 
the  different  trial-lines  of  the  survey  the  one  most  suitable  to 
a  common  road,  the  engineer  is  lesa  restrict<Mi,  from  the 
nature  of  the  conveyance  used,  than  in  any  other  kind  of 
communication.  The  main  points  to  which  his  attention 
should  be  confined  are:  1,  to  connect  the  pointa  of  arrival 
and  departure  by  the  mo«t  direct,  or  shortest  line ;  2,  to 
avoid  unnecessary  ascents  and  descents,  or,  in  other  words,  to 
reduce  the  ascents  and  descents  to  the  smallest  practicable 
limit ;  3,  to  adopt  such  suitable  slopes,  or  gradi^tiUy  for  the 
CUM,  or  centre  line  of  the  road,  aa  the  nature  of  tlie  convey- 
uice  may  demand ;  i,  to  give  the  axis  sucli  a  position  with 
regard  to  the  surface  of  the  ground  and  the  natural  obstacle* 
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70B.  The  gradients  npon  common  rrads  will  dopon  \  upon 
the  kind  of  iiuiteri&l  used  for  tlie  ruml-covoring,  and  np<m  the 
state  in  which  the  road-surfnce  is  kcpU  The  gradient  in  all 
ca^ea  should  he  lees  titan  the  atuyU  of  ffipnite,  or  of  tJiat  in- 
clination  of  the  axis  of  the  road  in  which  the  ordinary 
vehii'les  fur  tninsp*jrta1iou  would  remain  nt  a  Btato  of  rest,  or, 
if  plnoed  in  motion,  would  descend  h}*  the  action  of  gravity 
with  uniform  velocity. 

Tlic  gradients  corresponding  to  tlie  angle  of  repose  have 
been  ascertained  by  experiments  made  npon  the  various  road- 
ooveringR  in  ordinary  use,  by  allowing  a  vehicle  to  descend 
along  a  road  of  variable  inclination  until  it  waa  brought  to  a 
Btate  of  rest  by  the  retarding  force  of  friction;  also,  by  a»- 
oertaining  the  amount  of  force,  termed  t\a  ftyree  of  tractior^ 
requisite  to  pDt  in  motion  a  vehicle  with  a  given  load  on  a 
level  road. 

The  following  are  the  reanlta  of  exjieriments  made  by  Mr. 
Mncneill,  in  England,  to  determine  the  forue  of  traction  for 
one  ton  upon  level  roads : — 
No,  1.  Good  pavement,  the  force  of  traction  is. . . .      83  lbs. 

"    3.  Uroken-«tone  surface  laid  on  an  old  dint  road     65  " 

«    S.Gravelroad 147'* 

**    4.  Broken-etone  surface  on  a  rough  pavement 

liottom 46    " 

"    5.  Broken-stone  surface  on  a  bottom  of  beti>n . .     46    *' 

From  this  it  appears  that  the  angle  of  repotie  in  the  first 
case  is  repiesented  by  f  J|j,or  ^^  nearly ;  and  that  the  slope 
of  the  n.ftd  should  therefore  not  he  greater  than  one  p«r^MJiidic- 
iilar  to  sixty-eight  in  length ;  or  that  the  height  to  be  overcome 
must  not  be  greater  than  one  sixty-eighth  of  the  distance  be- 
tween the  twu  points  measured  along  the  ruad,  in  order  that 
the  force  of  friction  may  counteract  that  of  gravity  in  the 
direction  of  the  road. 

A  similar  calculation  will  show  that  the  angle  of  repose  io 
tbe  other  cases  will  be  as  follows : 

Na  2 1  to 35  nearly. 

"   3 Ito 15      " 

**   4and5 Ito 49     ** 

These  numhers,  which  give  the  angle  of  repose  Itelween  ^ 
and  -^  for  the  kinds  of  roacl-overing  Noe.  2  and  4  in  meet 
onliimry  use,  and  corresponding  to  a  road-surface  in  g*>od 
order,  may  be  eoraewltat  increiSed,  to  from  ^  to  j^.  for  the 
ordinary  state  of  tlie  SDrface  of  a  well-kept  road,  without 
there  being  any  necessity  for  applying  a  brake  to  the  wliceli 
la  descending,  or  going  out  of  a  trot  iu  ascending.     Tlw 


Ibflt  eaa  be  aUomd  M  nMdi  with  s 
WU09  oi  rwiiw  ii  ftbosC^f,  v  ifaiB,£ia]i  tocftrtntt 
to  be  tbfMt  the  aarb  a>  lepOM  vpon  niadi  of  dui 
in  Uw  tUle  Id  vbiefa  cWf  mn  — iiTlj  k«pt.  lIpoB  a 
with  (hii  ineliaataaa, »  hoiM  «■  Aaw  at  a  walk  hi*  i 
lf«d  fur  a  l««d  witfaoot  raquiriag  te  ■aisMDoe  <iC 
bbflie ;  mmI  experience  be*  £uther  ifaown  that  a  hone  at  the 
moal  nlidng  pace  will  attain,  witli  lea  ^iparaat  £tf«^  tht 
wirnmit  of  a  gradient  of  A  in  Dearlr  the  mom  tiow  uaft  be 
woeld  require  to  raaeh  tne  wme  pooU  oo  a  trot  orrr  a  arm 

A  road  cm  a  dead  lerel,  or  on«  vith  a  eontiBBad  aad  mi' 
fona  aaeeat  baween  the  poiataof  uTivala»ddepartare,wlwn 
tbe^  lie  apoo  diAnenI  kiiiia,  ia  not  tbe  mm  ^rutafale  to  the 
draft  of  the  hone.  Each  at  these  aeema  lo  fadgae  him  men 
than  a  line  of  alterrtate  aaeents  and  deaeenta  of  sUgfat  gra 
dtenta ;  Uy  tor  example,  gradients  of  ^^  opoo  which  a  bone 
will  draw  aa  beavjr  a  lowTwidi  ute  aainc  ipeed  as  upon  a  hori- 
aontal  road. 

The  gradients  abonld  in  all  eaaoi  be  rednee.'!  ae  far  aa  pra^ 
ticable,  oa  the  extra  exerttoo  thai  a  hone  moat  pat  forth  in 
OTeranntngheairrgTadient&ItTefTeDtuidefmble;  the/ihonJd 
aa  a  general  rule,  tbereforef  be  kept  as  low  at  Icaat  k  J^, 
whererer  the  ground  will  admit  of  iL  Thia  oao  generally  be 
effected,  even  in  aaoeodiog  steep  hill-sidca,  bTginu^  Uie  axia 
ai  the  road  a  >>gnK  directioD,  coooeetuig  tne  strai^u  por> 
tlom  of  the  ngzagt  b^  circnlar  area.  The  gradienti  of  iha 
curved  portions  of  tlie  zigMgl  iboald  be  nednccd^  and  thm 
roadwav  also  at  these  points  be  widened,  for  the  mfetjr  of  t»- 
hides  oasceoding  rapidlr.  The  width  uf  the  roadway  amy 
be  increased  sbuat  one-fourth,  when  the  angle  between  the 
straight  pi»rtions  of  the  zigsags  is  from  IW  lo  90" ;  and  the 
inortMua  sbonld  be  nearlj  one-half  where  the  angle  is  froto 
iW  to  60°. 

710.  Ilaving  laid  down  iroon  the  map  the  approximate  \ncmr 
tion  of  the  axis  of  the  road,  a  oomparixon  ran  thru  b*  mtule 
htttMtn  the  toUd  oorUtntt  of  the  anxsra^unw  atul  einbanJc- 
nunUt  which  should  be  so  adjusted  that  they  sliall  balance 
each  other,  or,  in  other  words,  the  neoessarr  excavations  shall 
furnish  sufficient  earth  to  form  the  embanJcmenta.  To  effect 
this,  it  will  frequently  be  ueceeeary  to  alter  Uie  fir&t  loiation, 
by  shifting  the  pt^ition  of  tlie  axis  to  the  right  or  left  uf  the 
position  nrat  assumed,  and  also  by  changing  tJie  gradient* 
within  the  prescribed  limits.  This  i»  a  problem  uf  very  ecu* 
liderablo  iutrioacy,  wboM  solution  can  be  arrivud  at  uuly  by 
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roccessire  npproximalions.  For  this  piirpoBe,  tbe  line  must 
he  itubdiridoa  into  several  portionn,  iii  each  of  which  the 
equalization  should  be  attempted  itidepcudently  of  the  rest, 
inatead  of  trying  a  gooeral  equaiizatioa  for  the  wliole  line  at 
once. 

In  the  calcnlations  of  Bolid  contents  required  in  Tialancin^ 
the  exeavatioiie  and  einbankmenta,  the  most  .nccurate  method 
cooeiflta  in  Hiibdi\'idin<!  the  different  Bolidti  into  <ither8  of  ttie 
meet  simple  ^<fmetrieal  fonns,  as  prisms,  prismoids,  wedges, 
and  pyramida,  whose  solidities  are  readily  determinod  by  the 
ordinary  rules  fur  the  inensnratlon  of  solida  As  this  pro- 
cess, however,  is  frequently  long  and  tedious,  other  methods 
requiring  less  time,  but  not  so  accnrate,  are  generally  pre- 
ferred, as  their  results  give  an  approximation  sufliciontly 
near  tlie  true  for  most  practical  pnrposee.  They  consist  in 
taking  a  number  of  equidistant  proHlea,and  calculating  the 
solid  oontetits  lietween  each  pair,  either  hy  imiltiplying  the 
half  sum  of  their  areas  by  the  distance  between  them,  or  else 
by  taking  the  profile  at  tno  middle  point  between  each  pair, 
and  multiplying  its  area  by  the  same  length  as  Iwfore.  The 
latter  method  is  the  more  expeditious;  it  gives  less  tlian  the 
true  solid  contents,  but  a  nearer  approximation  than  the  for- 
mer, which  gives  more  than  the  true  solid  contenrs,  whatever 
may  be  the  form  of  the  ground  between  each  pair  of  cross 
profiles. 

In  calculating  the  solid  contents,  allowance  must  be  made 
for  tlie  difference  in  bulk  between  the  different  kinds  of  cartli 
when  occupying  their  natural  bed  and  when  made  into  cm- 
liankment.  From  some  careful  experiments  on  this  point 
made  by  Mr.  Elwood  Morris,  a  civil  engineer,  and  published 
in  the  Jonmal  of  th^  Fninklin  limtUnt*-^  it  appears  that  light 
sandy  earth  oc<M)pies  the  same  space  both  in  fxi-nvaiion  and 
embankment ;  clavey  earth  about  one-tenth  lef>s  in  embankment 
than  in  its  natural  bed  ;  gravelly  earth  also  about  onctwelftl) 
less  ;  rock  in  large  fragments  about  .five-twelfths  more,  and 
*ji  atnall  fnfraeiits  about  six-tenths  more. 

711.  Another  problem  connected  with  the  one  in  question 
is  that  of  determining  the  Uad^  or  ths  mean  distance  to  which 
the  earth  taken  from  the  exoavattona  mutt  he  carried  to  form 
the  emharUcm^nt-e.  From  the  manner  in  which  the  earth  is 
usually  transported  fn>m  the  one  to  the  other,  this  distance  ia 
UBualty  that  between  the  centre  of  gravity  of  the  solid  of  ex* 
cavation  and  that  of  its  corresponding  embankment  What 
ever  diBposition  may  be  made  of  the  solids  of  excavation,  i( 
fe  important,  so  far  as  the  cost  uf  their  removal  is  conoemed 
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that  the  lend  shoaM  be  tbe  least  posaible.  The  K.lDtion  of 
tiiL*  problem  under  this  point  of  view  will  frequently  be  ex 
tremely  intriiato,  anO  dtiinand  the  oppliuatioii  of  all  tiifi  re- 
soiiruos  of  the  higher  analysie.  One  general  principle, 
however,  is  to  be  obseiTed  in  all  casca,  in  order  to  obtain  an 
approximate  solution^  which  is,  that  in  the  removal  of  the 
flifforont  portions  of  the  solid  of  excavation  to  their  corre- 
epondinf^  positions  on  tliat  of  the  erabankmetit,  the  patha 
paaeod  over  by  their  re»pecti%'C  centres  of  ^avity  shall  POt 

[Crofls  each  other  either  in  a  horizontal  or  vertieal  direction. 

'This  may  in  moat  raaes  be  effe<'.ted  by  intenwcting  the  wilidB 
of  excavation  and  embankment  by  vertical  planes  in  the 
direction  of  the  removal,  and  by  remonng  tlio  partial 
solids  between  the  planes  within  the  boundaries  marked  oiit 
by  them. 

712.  The  deiinitive  location  havtnj;  l»oen  settled  hy  again 
going  over  tim  line,  and  eomparing  the  fi*ntnreft  of  thpgrr>nnd 
with  the  rejiiilts  fumiehed  by  the  pret-eding  <iperations.  gene- 
ral and  detailed  maps  of  the  different  divipions  of  the  defini- 
tive location  are  prepared,  which  should  give,  with  the 
ntmoet  acciira<:y,  tlie  longitudinal  and  cron  sections  of  the 
nstnral  ground,  and  of  the  exrnvations  and  ernhnnkmenta, 
with  the  horizontal  and  vertical  mcafinrcmcnis  carefully  writ- 
ten npoti  tlioin,  BO  that  the  superintending  engineer  may  have 
no  dilhculty  in  setting  out  the  work  from  them  on  the 
grriurid. 

In  addition  to  these  mai»,  which  are  mainly  intended  to 
guide  the  engineer  in  regnlating  the  earth-work,  detailed 
drawings  of  tlic  road-covering,  oi  the  masonry  and  carpentry 
^f  the  bridges,  culverts,  etc.,  accom|)aiiied  by  written  specin- 
t-atinns  of  the  manner  in  which  the  varioiiB  kind  of  work  is 
to  be  performed,  should  bo  prepared  for  the  gnidauco  both 
of  the  engineer  and  workmen. 

713.  With  the  data  furnished  by  the  maps  and  drawings, 
the  engineer  can  proceed  to  *rf  ot4t  tf^  line  on  th*  ground. 
The  axis  of  the  road  is  determined  bv  placing  stout  stakes  or 
piokota  at  equal  intervals  apart,  whicn  are  numbered  to  oorre- 
Bpond  with  the  same  points  on  the  map.  The  width  of  the 
rt>adway  and  the  lines  on  the  ground  corresponding  to  the 
side  slopes  of  the  excavations  and  emiwnkments  are  laid  out 
in  the  same  manner,  by  stakes  plaeed  along  the  Hues  of  the 
cross  profiles. 

Tici^ides  the  numbeni  marked  on  the  stakes, to  indicate  their 
position  on  tlie  map,  other  numbers,  showing  the  depth  of  the 
excavations,  or  the  height  of  the  ombankmonts  from  the  ear* 
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face  of  the  ground,  accompanied  by  the  letters  Out.  FUL  to 
inditratc  a  autting^  or  a  filling^  aa  thu  enso  inav  be,  are  aliio 
added  to  "uide  the  workmen  in  their  operations.  The  \>mv 
tioiiH  nf  the  stakes  on  the  ground,  wliich  show  tho  principal 
points  of  the  axis  of  tlie  ruad,  should,  nioroovcr,  be  laid  down 
on  the  map  witb  great  accnracy,  by  aB<«rtaining  tlielr  hear- 
ing and  dietancca  Iroin  any  tixed  and  marked  obicciii  iu  tliuir 
vieinity,  in  order  that  tlie  points  may  be  readily  found  should 
the  stfUvea  be  subsequently  raisplaoed. 

714.  Earth-Work.  This  tenn  is  applied  to  whatever  re- 
lates to  ilio construction  of  tlie  exi'avatlmis  and  embankments, 
to  prepnre  tbeni  for  receiving  the  road -covering. 

71D.  In  forming  the  excavatioua,  the  incliuation  of  thesidi 
alqpea  d.einatiih  \\ecn\'u\r  \x\\.ei\\\oi\.  This  inclination  will  de- 
pend on  the  nature  of  the  soil,  and  the  action  of  the  attno«- 
phere  and  internal  moisture  upon  it  In  common  soils,  as 
ordinaiy  ^I'den  earth  formed  of  a  mixtnre  of  clay  and  sand, 
coDipaot  clay,  and  compact  stony  eoils,  althoi^gh  the  siae 
Bloj>e8  would  withstand  very  well  the  effects  of  tJie  wtather 
with  a  greater  inclination,  it  is  best  to  give  them  two  ba-so  to 
one  perpendicular,  as  the  surface  nf  the  roadway  will,  by  thia 
arrangement,  be  well  exposed  to  the  action  of  tho  sun  and 
air,  ^\^ich  will  cause  a  rapid  evaporation  of  the  moisture  on 
the  surface.  Pure  sand  and  gravel  may  require  a  grcAl^r 
elope,  according  to  circumstances.  In  all  cases  where  the 
depth  of  the  excavation  is  great,  tho  base  of  the  slope  should 
be  increased.  It  is  not  usual  to  use  any  artilicial  means  to 
^Y>tect  tho  surface  of  the  side  slopes  fmm  tho  action  of  the 
weather;  but  it  is  a  prccauticm  which,  in  the  end,  will  save 
much  lalwjr  and  expense  in  keeping  the  roadway  in  go*Ml  or- 
der. The  simplest  means  which  can  be  nsed  for  this  purpose 
consist  in  covering  the  elopes  with  good  sods. (Fig.  211}),  or 
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else  with  a  layer  of  vegetable  mould  abont  four  inches  thick 
carefullv  hiitf  and  s<jwu  wirh  grass-seed.  These  means  will 
be  amply  Buflicionl  to  pnitecl  the  side  slopes  from  injnry 
when  they  are  not  exposed  to  any  other  causes  of  deteriora- 
tion than  the  wash  oi  the  rain,  and  tho  action  of  frost  on  the 
ordinary  moisture  retained  by  the  aoiL 
The  side  slopes  form  nsnalty  an  anbroken  surface  fmm  tht 
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fouc  u>  the  top.  Dot  in  deep  exc«ralkiiB,  and  pvtienlttri j  is 
•oilf  Uabl«  to  flifo,  thej  arc  imnetiinea  fonnea  with  booiaoB- 
tal  u0iuU>  termed  bemeAr*.  which  are  made  a  few  feet  wide, 
and  bavu  a  ditch  od  the  ianer  cide  to  reoeivc  the  tarfmcm 
water  fnmi  tlie  |iortion  td  the  side  dlope  abc-*e  them.  Theie 
benches  caiiih  and  nrtain  the  earth  tW  mav  fall  from  the 
portioci  fjf  Ihe  elde  filnjic  abore. 

When  the  tide  tlopes  are  not  protected,  h  will  be  well,  in 
localilira  where  atone  la  plenty,  to  raise  a  small  wall  of  dry 
•tone  at  tbe  fuot  of  the  ftlnpea,  to  pierent  the  waah  of  the 
ikmea  from  being  carried  into  tin  roadwmv. 

A  odveriug  of  hruahwoiid,  or  a  thatch  of  straw,  niaj  also  i 
and  witli  go  jd  effect ;  but,  from  their  perishable  nature, 
will  reqnire  frequent  renewal  and  repair*. 

In  ex<:avatiouft  through  solid  rovk,  which  does  not  disinte-j 
grate  on  expoiore  to  the  atnioephere,  the  dde  alopes  migfat  ^ 
made  iK-rt^endicular ;  but  as  this  would  exclude,  id 
degree,  thu  action  of  the  sun  and  air,  whicii  ia  essential  to^ 
keeping  the  road-enrface  dry  and  in  good  order,  it  will  be 
necetaary  to  inakc  the  side  ilopea  with  an  inclination,  van-jug 
from  one  base  to  one  perpendicular,  to  odd  base  to  two  per- 
pendicular, or  even  greater,  ac(»rdin^  to  tlie  locality;  tiie  in- 
clination of  the  tlope  on  the  south  side  in  nortbcni  latitude*] 
being  greatest,  to  expoee  better  the  ruad-surfacc  to  the  sun's 
ravs, 

^he  elaty  rncks  generally  deoompoee  rapidly  on  the  sar- 
face,  when  i  ..|^u«t:d  to  moisture  and  the  action  of  frost  The 
aide  slopes  in  rocks  of  this  character  may  be  out  into  BCep* 


(Fig.  230),  and  then  be  covered  by  a  layer  of  reirctable 
mould  Hi>wn  in  graas^eed,  or  else  the* earth  may  be  sodded  in 
the  nsual  way. 

716.  The  stratifiod  soiU  and  rocks,  in  which  die  tttrata  have 
%  dipf  or  inclination  to  tlie  horiz<^>D,  are  liable  to  slip*,  or  tc 
pivo  way  by  one  stratum  becoming  detached  and  shding  on 
another,  which  is  caused  either  fmm  the  motion  of  fnwt,  or 
fnim  the  prettureof  wa'cT^  which  insiuuaics  itself  l>otwaeD 
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(he  strata.  The  worst  poile  of  this  dmracter  are  thoee  formed 
of  altomate  strHta  of  vluy  and  B&nd ;  particularlv  if  tlio  (-lay 
13  of  a  nature  to  beoomo  semi-fluid  wlien  mixed  with  water. 
The  best  preveiitivcfi  that  cau  he  resorted  to  in  these  caaea 
are  to  adopt  a  thorough  «j8tem  of  drainage,  to  pi-event  the 
eurfoue-water  of  the  Enuiiid  fnjtn  running  down  the  »ido 
slopei,  and  to  cut  off  aU  api-ings  which  run  towards  the  road- 
way froiD  the  side  bIodcs.  The  Burfacc-water  may  be  cut  off 
br  tneaiis  of  a  single  ditch  (Fig.  319)  made  on  the  up-hill  side 
or  tJ»e  road,  to  cati^h  the  water  Ijvfore  it  reavbea  the  kIojms  of 
the  excavation,  and  convey  it  off  to  the  natural  water-courses 
moet  convenient;  as,  in  ahiwet  every  case,  it  will  be  found 
that  tlie  side  sloiw  on  the  down-hill  side  is,  comparatively 
speaking,  Imt  slightly  affected  by  the  surface-water. 

Where  dtps  occur  from  the  action  of  springs,  it  frequently 
becomes  a  very  diflicult  task  to  secure  tbe  side  slopes.  If  the 
Bources  can  be  easily  reached  by  excavating  into  the  side 
elopes,  drains  fonaed  of  layers  of  faBciues  or  brjisli-wtxid  may 
be  placed  to  give  an  outlet  to  the  water,  and  prevent  it^  action 
upon  the  side  slopes.  The  fascines  may  be  covered  on  top 
with  giod  sods  laid  with  the  grass  side  beneath,  and  tite  exca- 
vation made  to  place  the  drain  be  filled  in  with  good  earth  well 
rammed.  Drams  formed  of  broken  stone,  covered  in  like 
manner  on  top  with  a  layer  of  aod  to  prevent  the  drain  from 
becjining  choVed  with  earth,  mav  be  nsed  tinder  the  same 
circumstances  as  faseinc  drains.  NV^here  the  sources  are  not 
iaolated,  and  the  whole  mass  of  the  6<al  forming  (he  side 
slopes  ttp|feai-ft  saturated,  tlie  drainage  may  be  effi-cted  by 
excavating  trenches  a  few  feet  wide  at  intervals  to  the  depth 
of  Bome  feet  into  tlie  side  slopes,  and  filling  thein  with  bmicen 
Btoue,  or  else  a  general  drain  of  broken  stone  may  be  made 
throughout  the  whole  extent  of  the  side  slope  bv  excavating 
into  ic  Wlien  this  is  deemed  necessary,  it  wilt  be  well  to 
arrange  the  drain  like  an  inclined  retaining- wall,  with  but- 
tresses at  intervals  prctjecting  into  the  earth  farther  tlian  the 
general  majw  of  the  drain.  The  front  face  of  tho  drain 
shotild,  iu  tilts  case,  also  be  covered  with  a  layer  of  sods  with 
the  grass  side  beneath,  and  upon  this  a  layer  of  g^Kxl  earth 
ehuiud  be  compactly  laid  to  form  tlio  face  of  tho  side  sloiw*. 
The  drain  need  only  be  carried  high  enou^  above  the  lool 
of  the  side  slope  to  tap  all  the  sources;  and  it  should  be  sunk 
suflicienlly  below  the  roadway-surface  to  give  it  a  MM:ure 
footing. 

The  drainage  has  been  effected,  in  some  cases,  by  sinking 
wells  or  ahajis  at  some  distance  behind  the  side  slopes,  froio 
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the  top  surface  to  tlio  level  of  the  bottoin  of  the  excavation 
and  leading  the  water  which  collects  in  them  hy  pipes  intc 
drains  at  the  foot  of  the  Rido  nlnpce.     In  othera  a  narn>nr 
Creuob  has  tieen  excavated,  parallel  to  the  axis  of  the  road, 
from  the  top  surface  to  a  anmcicut  depth  to  tap  all  the  souroos 
which  flow  towards  the  side  sloite,  and  a  drain  fonned  either 
by  tilliii^j;  tlic  trench  wlioUy  wilh  bn>ken  stone,  or  elec  oy  ai 
iwij.niijij  an  open  conduit  at  the  hnttoni  to  recei\e  the  water 
collected,  over  which  a  layer  of  hnmhwood  ia  laid,  the  re 
luaiiider  of  the  trench  being  filled  with  broken  etoue. 
in.  lu  forming  the  einbaiikntent^  (Fig.  ^21),  the  aide 
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nlopes  should  be  made  with  a  leas  inclination  thnn  ihnt  which 
the  earth  naturally  asRumea;  for  the  purpose  of  giWng  thetn 
greater  durability,  and  to  prevent  the  width  of  the  tt>p  anr- 
lacc,  along  which  the  roadway  id  made,  from  diministiiug  by 
overy  change  in  the  side  ftlopcii,  as  it  would  were  thoy  made 
with  ihe  niitnral  elope.  To  protect  the  side  slopes  nioi-e  ef- 
fectually, they  plioiud  be  sc>dded,  or  sown  in  grass-aeed ;  and 
the  surf  ace- wiiter  of  the  to]i  sliould  not  be  allowed  to  ran 
down  them,  as  it  would  soon  wash  thorn  into  gnllies,  and  de- 
stroy the  embankment.  lu  localities  where  stone  is  plenty,  a 
enstaining  wntl  of  dry  stuno  may  be  advantagoously  substi- 
tuted for  the  side  slopes. 

To  prevent,  as  fur  as  possible,  the  settling  which  lakes 
place  in  embunkuK'ntft  tJioy  F.hiiuld  bo  fonned  witli  groat 
care;  the  raith  being  lai<I  in  KU(^ccs£ive  layers  of  al^r-ut  four 
feet  in  thirkncss,  and  each  lavor  well  settled  with  iinnmera. 
As  this  roetlunl  is  very  exjiensive,  it  is  seldom  resortc«l  to  ex- 
cept in  works  which  requii-e  ereat  care,  and  are  of  tntling  ox- 
teat  For  extonsivo  works,  fiie  method  usually  followed,  vn 
account  of  economy,  is  to  embank  ont  from  one  end,  canning 
forward  thf>  work  on  a  level  unth  the  top  surfat^c.  In'lhia 
caac,  as  tliete  must  be  a  want  of  compactness  in  the  mass,  it 
would  be  \u:it  to  form  tlio  oiitBidcs  of  the  embankment  first, 
and  to  gradually  fill  in  towards  the  centre,  in  order  that  the 
earth  may  arrange  itself  in  layers  with  a  dip  from  the  stdee 
inwards:  this  will  in  a  gr^eat  moasure  counteract  any  t«n- 
doncy  to  slips  outward     The  foot  of  the  s'opes  shoi  Jd'l>e  » 
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cured  by  buttreaHin/j  them  either  by  a  low  stone  wall,  or  b^* 
formiiiga  filight  e\t-iivati<>ii  for  tlie  same  pnrp<:i*e. 

718,  when  tho  axis  of  the  roadway  w  laid  out  on  the  side 
slopo  of  R  bill,  and  the  road-surface  is  formed  partly  by  exca- 
vating and  partly  by  embanking  out,  tho  usual  and  moal 
aimple  method  is  to  extend  out  the  embankment  gnulually 
along  the  whole  line  of  excavation.  This  method  is  iuMJcnre, 
and  no  paiiia  therefore  should  be  spai^l  to  gi%-e  the  embank- 
ment, a  p<xxl  footing  on  the  natural  surface  upon  whii^h  it 
resta,  partiiMilarly  at  the  fo<>t  of  the  slope.  For  this  purpose 
die  natural  surface  (Fig.  222)  aliould  be  cut  into  Bteps,  or  oS- 


Bets,  and  the  foot  of  the  slope  he  secured  by  buttressing  it 
a^inst  a  low  stone  wall,  or  a  small  teiTace  of  carefully  ram- 
med earth. 

In  Bide-formings  along  a  natural  surface  of  great  tnclina- 
ttim,  the  method  of  construction  jnst  explained  will  not  Iw 
Bufheiently  secure ;  siiataining-waUu  must  be  8tib«t)tutcd  for 
the  aide  ftlopes,  both  of  the  excavatious  and  embankments. 
ITieae  walla  mav  be  made  simply  of  dry  atone,  when  the  stone 
can  be  procured  in  bU^cks  of  siii^cient  size  to  render  tliis  kind 
of  construction  (if  Bufficicnt  stability  to  resist  the  pressure  of 
the  earth.  But  when  tlie  blocks  of  stone  d<»  not  offer  thia 
Bccnrity,  they  must  be  laid  in  mortar  (Fig.  223),  and  bydrau- 
lie  mortar  is  the  only  kind  which  will  form  a  safe  uonstruo- 
tion.  The  wall  which  supplies  the  slope  of  the  excavation 
should  be  carried  up  as  high  as  tho  natural  surface  of  the 
eruund ;  tlie  one  that  sustains  the  emlmnkment  should  Ite 
Built  up  to  the  sm-face  of  ilie  roadway;  and  a  parapot-waii 
should  bo  raii!cd  upon  it>  to  secure  vehicles  from  accidents  iu 
deviating  from  the  line  of  the  roadway. 

A  jxjad  may  be  constnicted  partlv  in  excavation  and  j  artly 
tn  embankment  along  a  rocky  lecTge,  by  blasting  tho  rock_ 
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when  the  inclination  of  tlie  natural  surface  ifl  not  greater  than 
one  j«niendictilar  to  two  basa ;  hut  with  a  greater  inclinali<>n 
than  this,  the  whole  sliould  be  in  ezcavatioa. 


F^ 


n*.  tm—Crem  wteOem  <t  »  wtmA  t» 

•Uw-tentas. 
&.  ailBf. 

B,  BuAilnlnc-wall  of  flUfais, 
0,  bwiWwJl  at  oNUtaMb 
D,  pOTn^wall  of  luipik 


719.  There  are  cxamplee  of  road  conetructione,  in  locmlitioi 
like  the  last,  Bupported  on  a  framework,  oonpisting  of  hori- 
Kontal  pieces,  winch  are  firmly  fixed  at  one  end  hy  being  let 
into  bolea  drilled  in  the  nick,  and  arc  Buetaincd  at  the  other 
by  an  inclined  etriit  tmderncath,  wUicl)  reeta  against  the  rouk 
in  a  tihoiildcr  formed  to  receive  it 

720.  When  the  cxca%'altnim  do  not  fnniish  suHtcicut  earth 
for  the  embankmentfl,  it  is  obtained  fnim  excavations  tonned 
nde-mtiintji,  nuide  at  some  place  in  the  vicinity  of  the  em- 
bntikciicnl,  fruiu  wliieb  the  eurtli  cau  be  obtained  with  moat 
economy. 

If  the  excavations  furnish  more  earth  than  is  required  for 
the  cmbanlunent,  it  is  dcpoeited  in  what  is  termed  »pi/U-bank^ 
on  the  side  of  the  excavation.  The  spoil-bank  sliould  bo 
made  at  some  distance  back  from  the  aide  slope  of  the  exca- 
vation, and  on  tbo  downhill  side  of  (Iio  top  t^urfaco;  and 
BuitAbie  drains  tihuuld  be  arranged  to  carry  off  any  water' 
that  might  collect  near  it  and  aSect  the  side  slope  of  the  oz- 
cav»ti(iii. 

The  forms  to  be  given  to  aidc-ciittings  and  spoil-banks  will 
depend,  in  a  great  degree,  upon  th«  locality :  they  shonld,  a* 
fax  as  practicable,  be  sucu  that  the  cost  of  remifval  of  the 
e&rth  shall  be  the  least  possible. 

72JL  Drainage.  A  syBtein  of  tliorough  drainage^by  which 
the  water  that  hlters  tlirougb  the  ground  will  be  cut  off  from 
the  6<:)il  bt^ueatli  Uio  rnadway,  to  a  depth  of  at  least  three  feet 
tielow  tlie  iMittom  of  tlie  road-covenng,  and  by  which  that 
vluch  fallk  upou  the  8urfa<'«  will  be  tipeedily  convoyed  o^ 
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to  /ore  It  can  filter  tlirough  tho  rood-covering,  is  esaentjal  to 
tl.«  gotxl  poiifiilinn  of  a  road. 

The  p  11  rfaco- water  is  conveyed  off  by  piving  the  surface  of 
tho  roadway  a  slijflit  tmnsvereo  convexity,  from  the  middle 
to  the  flideSf  where  the  water  is  received  into  the  guttere,  or 
9uU-c^annels^  from  which  it  is  conveyed  by  undei^7V)und 
aqueductA,  termed  ctUcertSjhmlt  of  dtono  or  brick  and  usually 
arched  at  top,  into  the  main  drains  that  communicate  witn 
the  natnral  water-con rses.  This  convexity  is  regulated  by 
inakinw  tlio  fii^ure  of  the  pn)fiIo  an  ellipso,  of  whiwi  the  Beini- 
trantivei-fte  axis  is  15  feet,  and  the  semi-conjnpate  axis  9  inches; 
thna  placing  tlio  middle  of  the  roadway  nine  inches  above  the 
bottom  of  the  sidecliannels.  This  con  vexily,w^hich  m  as  great 
as  should  be  given,  will  not  be  sufHcient  m  a  Hat  country  to 
keep  tlie  road-eurfaco  dry ;  and  in  such  localities,  if  a  slight 
longitudinal  slope  cannot  be  pven  to  the  road,  it  should  be 
raiwd,  when  practicable,  tliree  or  four  feet  above  the  general 
level ;  both  on  account  of  conveying  off  speedily  the  surface- 
water,  and  exjHJsing  tho  surface  better  to  the  action  of  tlie 
wind. 

To  drain  the  soil  beneath  the  roadway  in  a  level  country, 
ditches,  termed  open  eid^  drains  (Fig.  224),  are  made  paral- 


Fig.  m.— <*TT>w  McUoa  at  tarakibwn*  raad-vmtlax. 
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lol  to  the  road,  and  at  some  feet  from  it  on  each  side.  The 
bottom  of  the  side  drains  should  be  at  least  three  feet  below 
the  road-oovering ;  their  size  will  depend  on  the  nature  of  tho 
soil  to  be  drained.  In  a  cultivated  conntr}*  the  side  drains 
ahonld  bo  on  the  field  side  of  the  fences. 

As  open  drains  wonld  be  soon  filled  along  the  parts  of  a 
road  in  excavation,  bv  the  washings  from  the  side-slopea 
covered  drains,  built  either  of  brick  or  stone,  must  be  substi 
tuted  for  them.  These  drains  (Fig.  225)  consist  simply  of  n 
6orring  of  flagging  stone,  or  of  brick,  with  two  side  walls  of 
S7 
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nitiblo,  or  !)rick  maaonrj,  which  support  a  top  covering  ol 
flat  stones,  or  of  brick,  with  opeu  joiiit»,  of  about  lialf  an 
liKjh,  to  ^ve  a  free  jianea^o-way  tu  uie  water  into  the  drain. 
The  top  IS  covered  with  a  luver*  ctf  straw  or  bmstmood  ;  and 
elraii  gravel,  or  broken  stone,  in  small  fragnicnut,  is  laid  over 
ihia,  fur  the  piirpose  of  allowing  the  water  to  filter  freely 
llirtMiffh  to  the  dmiii,  without  L-arrviiif;  with  it  any  earth  or 
scdiineiii,  whicli  mi^ht  in  time  accmnnlnto  and  choke  it. 
The  width  and  hfijrht  of  covered  drains  will  dojKiiid  on  the 
inaleriuU  of  which  tliey  am  bnilt,  and  the  quantity  of  water 
to  which  tliey  yield  a  passage. 


Fig.  MB.— Crwi  weUuB  rf  acgrwd  amhL 


Besides  the  longitudinal  covered  drains  in  cuttings,  other 
drains  are  made  under  the  roadway  which,  from  their  form, 
are  tenwed  cross  mUrff  drains,  llieir  plan  ia  iti  shape  like 
the  letter  V,  the  aiignlftr  point  hcing  at  the  centre  of  the 
road,  and  pointing  in  the  direction  of  its  ascent.  TIie!  angle 
should  be  so  rcgnlatod  that  the  Itottom  of  the  drain  shall  not 
have  a  greater  slope  alonj;  either  of  its  brancbeB,  than  one 
perpendicular  to  one  hundred  base,  to  preeer%-o  the  niaeonry 
from  damage  by  the  current.  Tlie  construction  of  mitre 
drains  is  the  same  as  the  mvorod  Inngitiidinal  drains.  They 
should  be  placed  at  intervals  of  atjout  60  yards  from  eaca 
other. 

In  some  cases  snr&ce  drains,  torraed  oatcK-wat^  drains^ 
are  made  on  the  side  slnpee  of  cuttings.  Thev  are  run  up 
obliquely  along  the  surface,  and  empty  directly  into  the  crfiss 
drains  which  convey  the  water  into  the  natural  water-courses. 

"WTien  the  roadwav  is  in  side-forming,  cross  drains  of  the 
ordinary  form  of  culverts  are  made  to  convey  the  water  from 
the  side  channels  and  the  uovered  drains  into  the  natural 
water-courees.  Tlicy  should  be  of  sufiicient  dimensions  to 
convey  oflf  a  lai^  volume  of  water,  and  to  admit  a  man  to 
pass  through  them  so  that  they  may  be  readily  cleared  out, 
or  even  repaired,  without  breaking  up  the  roadway  over 
them. 

The  only  drains  required  for  embauluL-entt  are  the  ordi- 
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nary  aide  channels  of  the  roadway,  with  occasional  cidverts  to 
convey  the  wfitpr  from  thcni  into  the  natnral  water  con reea 
Gi-eat  care  should  be  taken  to  prevent  the  Burfaco-watcr  from 
running  down  the  side  elopes,  ob  tlicy  wonld  £Oon  be  washed 
iiiU»  gullies  by  it. 

Very  wet  and  marshy  boIIb  require  to  be  thoroughly  druiiied 
before  the  roadway  can  be  made  with  safety.  The  best 
Bystetn  that  can  be  followed  in  such  caaos  is  to  cnt  a  wide 
and  deep  open  main-di-ain  on  each  side  of  the  road,  to  con- 
vey the  water  to  tlie  natural  water- con ntca.  Covered  eroea 
drains  ehonld  bo  made  at  frequent  intervals,  to  drain  the  soil 
under  the  roadway.  They  phould  be  sunk  aa  low  as  will  ad- 
mit of  the  water  running  from  them  into  the  main  draiiiB, 
by  giving  a  slight  slope  to  the  bottom  each  way  from  the 
centre  or  the  road  to  facilitate  its  flow. 

Indepcndentlv  of  (he  drain^e  for  marshy  aoJIa,  tbey  will 
require,  when  vie  8ub«oil  is  of  a  epon^,  elastic  nature,  an 
artificial  l>ed  fur  the  road  covering.  Tms  bed  may,  in  aome 
eaaea,  be  fonncd  bv  simply  removing  the  upper  stratum  to  a 
depth  of  several  ^eet,  and  supplying  ita  place  with  well- 
packed  gravel,  or  any  soil  of  a  firm  character.  In  other  (■a>!e8, 
wlic-n  the  Buljsoil  yields  readily  to  tlie  ordinary  pressure  that 
the  road-surface  must  bear,  a  bed  of  bnishwtMxl,  from  9  to  18 
inches  in  thickness,  must  be  formed  to  receive  the  soil  on 
which  the  road-covering  is  to  rest.  The  brushwood  should  be 
carefully  selected  from  the  long  straight  slender  shoots  of  the 
branches  or  undergrowth,  and  be  tied  np  in  bundles,  termed 
fatoineSf  from  9  to  13  inches  in  diameter,  and  from  10  to  'JO 
feet  long.  The  fascines  are  laid  in  alteniate  layers  croeswiso 
and  lengthwise,  and  the  layer*  are  either  cminected  by  piuk- 
ete,  or  else  tlie  withes,  witll  which  the  fascines  are  bound,  are 
cot  to  allow  the  brushwood  to  form  a  uniform  and  compact  bed. 

This  method  of  securing  a  good  bed  for  structures  on  a 
weak  wet  soil  has  been  long  practised  in  Ilollaud,  snd  ex- 
pcriciicc  has  fully  tested  its  oxcolleTico. 

722,  Road-ooverings.  Theobjectof  a  road-covering  being 
to  diminish  the  resistances  arising  from  collision  and  friction, 
and  thereby  to  reduce  tlie  force  of  traction  to  the  least  prac- 
ticable amount,  it  should  he  com]>osed  of  haM  and  durable 
material,  laid  on  a  firm  foundation,  and  present  a  uniform, 
even  surface. 

The  material  in  ordinary  use  for  road-coverings  is  stone, 
in  the  ahuj>e  of  blocks  of  a  regular  form,  or  of  lai^e  round 
pebbles,  termed  a  pavement^  or  broken  into  small  angular 
masses;  or  in  the  form  of  gravel 
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723.  Pavements.  The  pavements  in  most  ffentfnl  lue  ia 
onr  ccuntQ"  are  cniistructeu  of  rounded  pebblee,  known  u 
ftai^wj  atone*,  varying  from  3  to  8  inches  m  diameter,  wbich 
are  dot  in  kf&rm^  or  oed  of  clean  sand  or  grarel«a  foot  or 
two  in  thickness,  which  is  laid  upon  the  natnral  soil  excavated 
to  retrcive  the  fonii.  The  Itfrgest  iitonee  arc  placed  in  the 
centre  of  the  roadway.  The  Btonee  are  carefully  set  in  the 
fomi,  in  einso  coiitaijt  with  each  other,  and  are  then  finnlj 
Bettled  by  a  lieavy  rammer  until  their  tops  are  even  with  the 
general  surface  of  the  roadway,  which  should  be  of  a  slightly 
convex  $}in}>e,  ha%'iii;r  a  slope  uf  about  ^  fnun  die  centre 
each  wav  to  the  sides.  After  tlie  atones  are  driven,  the  road- 
■urfaee  is  covered  with  a  layer  of  clean  sand,  or  fine  gmvel, 
two  or  three  inches  in  thiclciiess,  wliiuh  is  fradnallv  workod 
in  between  the  stonoti  by  the  combined  action  of  t]ie  travel 
over  the  pavement  and  of  the  weather. 

The  defects  of  pebble  pave  me  nta  are  obvious,  and  con- 
finned  by  exi>erience.  Tlie  form  of  sand  or  gravel,  aa 
usually  made,  is  not  sufliclently  firm :  it  should  Iw  made  in 
separate  layers  of  about  4  inches,  each  layer  bcin|;  moistened 
and  well  settled  either  by  ramming,  or  passing  a  heavy  roller 
over  it.  Upon  the  form  prepared  in  this  way  a  layer  of 
loose  material  of  two  ur  three  uiches  iti  tliickness  luay  be 
placed  to  receive  the  ends  of  Llie  jtaving  stunca.  Fn)iri  the 
form  of  the  pebbles,  the  retiisiance  to  traction  arising  from 
collision  and  friction  is  very  great 

Pavonients  termetl  utonf.  trnmwat/s  liave  been  tried  in  some 
of  the  cities  of  Kurojic,  both  for  light  and  heavy  trafhc. 
They  are  formed  by  laving  two  liiiee  of  long  »toiio  blocks  for 
the  wbocUto  run  on,  with  ajiavement  of  (lelihle  for  tlie  horsc- 
track  bot^vcen  the  wheeUrackR.  In  crowded  thorough  fa  i-es 
tramways  offer  but  few  if  any  advaiitagai,  asit  is  impracticable 
Ut  foiitino  the  vehicles  to  them,  and  when  exjKiecd  t<j  heavy 
trallic  ihey  wear  into  ruts.  The  etone  blocks  should  be  care- 
fullv  laid  on  a  very  firm  bottoming,  and  particular  attention 
is  rcuniftite  to  prevent  ruts  from  forming  lietween  the  blixjka 
and  flie  pebble  pavement. 

Stone  suitable  for  paveraenta  should  be  bard  and  tongh,  and 
not  wear  BtnotUh  under  the  action  to  which  it  is  ex|KKed. 
Some  varieties  of  granite  have  been  found  in  England  tc 
furniuh  the  be*t  paving  blocks.  In  Fmiice,  a  very  tine-grained 
compact  gray  suiidstoiio  of  a  bluish  cast  is  mostly  in  use  for 
the  same  purpose,  but  it  wean;  quite  smooth. 

The  sand  used  for  frtrms  should  be  clean  and  free  from  nob- 
bles and  gravel  of  a  larger  grain  tliai  about  two-tentbe  at  an 
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inch.  The  form  shoiiM  be  mmle  by  moistening  the  uniid.and 
ojinpressiiig  it  in  layers  of  abuiit  four  inches  in  tliickness, 
either  by  ramming,  or  by  passing  over  each  layer  several  times 
a  heavy  iron  roller.  Upon  the  top  layer  aboat  an  inch  uf 
ko&e  ^d  may  be  spread  to  receive  thu  blocks;  the  joints 
between  which,  after  they  are  placed,  should  be  carefully 
filled  with  sand. 

Tho  sand  f<ti-m,  wlien  cArefully  made,  presents  a  very  firm 
and  erablu  foundation  for  the  t>avement. 

Wooden  pavements,  formed  of  blocks  of  wood  of  various 
shapes,  have  been  tried  in  England  and  several  of  our  cities 
within  the  last  few  years,  and  notwitlistanding  they  decay  in 
a  few  years,  yet  they  are  extensively  used  in  many  of  our  large 
oitios.  The  travel  upon  them  is  so  free  from  noise,  ami  the 
surface  is  so  smooth,  that,  on  those  streets  where  the  hanla^ 
of  heavy  articles  is  not  excessive,  manv  property  holders  prefer 
to  renew  a  woixlen  pavetnent  every  eight  or  ten  years,  than  bo 
annoyed  with  the  noise  and  the  roughness  of  stone  pavements 
They  are  especially  desirable  opon  those  streets  which  are  oc- 
cupied bv  reeideuces. 

Asphakic  pavements  have  undergone  a  tike  trial,  and 
have  been  found  to  fail  after  a  few  years'  service.  This 
material  is  farther  objectionable  as  a  pavement  in  cities  where 
tho  pavements  and  sidewalks  have  frequently  to  be  disturbed 
for  tho  purposes  of  repairing,  or  laying  down  Bowers,  watiir- 
pipes,  and  other  necessarj*  wniveniences  for  a  city. 

The  best  system  of  pavement  is  t]iat  which  has  Itecn 
partially  put  in  practice  m  some  of  the  commercial  cities  of 
Kngland,  the  idea  of  which  seems  to  have  been  taken  fi-om  the 
excellent  military  roads  of  the  Romans,  vestiges  of  which  re- 
main  at  the  present  day  in  a  good  state. 
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Tn  constructing  this  pavement,  a  bed  (Fi**.  ^36)  is  first  pi» 
pared,  by  removing  the  surface  of  the  soilto  the  depth  of  a 
foot  or  more,  to  obtain  a  firm  stratum  ;  the  surface  of  this  Ited 
receives  a  very  slight  convexity,  of  alxjut  two  inches  to  ten 
Iwt,  from  the  centre  to  tho  sides  of  the  roadway.  If  the  soil 
i4  of  a  soft  clayey  nature,  into   which  small '  fragments  of 
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broken  stono  would  bo  easily  irorlced  by  the  wheels  of  rehicJe^ 
it  ftliculd  be  excavated  a  f<wt  or  two  deeper  to  receive  a  form 
of  Miiid,  or  of  clenii  fine  Kravel.    On  the  mirfitce  of  the  b«<1 
thtu  prepared,  a  layer  ot  small  broken  stone,  four    iiidtefl 
thick,  is  laid;  the  dimensions  of  thcso  fragments  should  tuic 
be  greater  than  two  and  a  half  inches  in  any  dirt-ctiou ;  tlio 
road  i?  then  ojwned  to  veliicles  nntil  this  first  layer  becomes 
perfectly  compact ;  care  being  taken  to  fill  uu  any  nits  witU 
freeh  stone,  in  order  to  obtain  a  uniform  suriace.     A  BecciK" 
layer  of  stone,  of  the  same  thickness  as  the  tirst,  is  then  Iai< 
on,  and  treated  in  the  same  manner;  and  finally  a  tliird  layei 
When  the  tliird  layer  has  become  perfectly  c^>nip»ct,  and 
of  a  nniform  surface,  a  layer  of  fine  clean  g^rarel,  two  luid 
half  inches  thick,  is  spread  evenly  over  it  to  receive  the 
paving  stones.    The  blocks  of  stone  ore  of  a  square  sliape,  aud 
of  dinerem  sizes,  according  to  the  nature  of  the  travelling 
over  the  pavement    The  lar^st  size  are  ten  inches  thick, 
nine  inches  broad,  and  twelve  inches  loni!;;  the  smallest  are 
fix   inchee  thick,  five  inches  broad,  and   ten   incites   long. 
Kach  block  is  carefully  settled  in  the  fonn,  by  means  of  a 
heavy  beetle;  it  is  then  removed  in  order  to  cover  (he  side  of 
the  one  against  whitih  it  is  to  rest  with  Iiydratdic  ni<»rlBr; 
this  being  done,  tlie  block  is  replaced,  and  properly  adjnsteil. 
The  blocks  of  the  different  coiu-ses  across  the  roadway  should 
break  jointK.     Tlie  enrface  of  the  road  is  convex;  the  con- 
vexity being  determined  by  making  the  onter  edges  six  inubea 
lower  tliaii  the  middle,  for  a  width  nf  thirty  feet, 

This  ^ystcni  of  pavement  fulfils  in  (he  best  manner  all  the 
reqniBites  of  a  good  road-covering,  )n->esentiiig  a  hard  even 
surface  t«  the  action  of  the  wheels,  aud  reixieing  on  a  firm 
bed  formed  by   the  broken-stone  bottoniirig.    The  mortar*' 
joints,  so  long  as  they  remain  tight,  will  effectually  prevent 
the  [.tcnctration  of  water  beneaui  the  pavement;  but  it   u 
pnjbable,  from   tlio  effect  of  the  transit  of  hea^nlyludcn 
rehiclee,  and  from  tlie  expansion  and  contraction  of  tlio  stone,, 
which  in  our  climate  is  found  to  be  very  considerable,  that' 
the  mortar  would  soon  bo  crushed  and  washed  out. 

In  Fi-ance,  and  in  many  of  the  large  cities  of  the  continent, 
Ihe  pavements  are  made  with  blocH  vf  rough  stontofa  cubi- 
cal form,  measuring  between  eight  aud  nine  inches  along  the 
edge  of  the  cube.  These  are  laid  on  a  form  of  sand  of  only  a 
few  inches  thick  when  the  soil  beneath  is  finn ;  but  in  bad  soiU 
the  thickness  is  increased  to  from  six  to  twelve  incbe«.  The 
trani^versal  joints  are  usually  coiitiiiuouR,  and  thorn  in  the 
direction  of  the  axis  of  the  road  break  joints.     lu  some  cases 
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the  blocks  are  bo  laid  that  the  jninta  make  an  antjle  of  45°  with 
the  axis  of  tlie  roadwav,  one  wt  being  contiiiiiouB,  the  other 
breaking  iointa  with   tfiein.     By   this  nrraitgetneiit  of  the 

t'ointa,  It  ifl  said  that  the  wear  upon  the  edges  of  the  bloeka, 
ly  which  tlie  upper  surface  soon  assumes  a  convex  sha]>e,  if 
diminislieil  It  nas  bepn  ascertained  by  experience  that  the 
wear  npon  the  edges  of  the  blocks  is  grcAtest  at  the  joints 
which  run  transvei-t^elT  to  the  axis  when  the  blocks  are  laid  in 
the  usual  manner,  t'rom  the  experiments  of  M.  Morin,  to 
ascertain  the  inftuence  of  the  shape  of  stone  bhx-ks  on  the 
force  of  traction,  it  was  found  that  the  resistance  offered  by  a 
pavement  of  block«  averaj^ing  from  five  to  six  inches  in 
nreadth,  measured  in  the  direction  of  the  axis  of  the  road- 
way, and  about  nine  inches  in  length,  was  less  than  in  one  of 
cubical  blocks  of  the  ordinary  size. 

Pavements  in  cities  must  bo  accompanied  bv  sidncatk^ 
and  cfMsinff-plaeas  f&r  JhoUpaasenpera.  The  sidewalks  are 
made  of  larf^  flat  flaf^ofi^etone,  at  least  two  inchefi  thick, 
laid  on  a  fonn  uf  clean  gravel  well  rammed  and  settled.  The 
width  of  the  sidewalks  will  dej^end  on  the  street  being  mope 
or  less  frequented  by  a  crowd.  It  would,  in  all  case*,  be  well 
to  have  them  at  least  twelve  feet  wide  ;  they  receive  a  slope, 
or  pitch,  of  one  inch  to  ten  feet,  towards  the  pavement,  to 
convey  the  surface-water  to  the  side  channels.  The  pavement 
is  separated  from  the  sidewalk  by  a  row  of  lon^  slabs  set  on 
their  edyi*,  t^ermed  eurh-»toneA^  which  confine  Tjolb  the  flag- 
ging and  paving  stcmea.  The  cnrb-stones  form  the  sides  of 
the  side  chniinels,  and  should  for  this  purpose  project  six 
iitchcA  above  the  outride  paving  stones,  and  be  sunk  at  least 
fowT  inches  below  their  top  surface ;  they  should,  moreover, 
be  flusli  with  the  upper  surface  of  tlie  sidewalks,  to  allow  tlie 
water  to  run  over  mto  the  side  channels,  and  to  prevent  acci- 
dents which  might  otherwise  happen  from  their  tripping 
persons  passing  in  haste. 

Tlie  ci-ossines  sJiould  be  frt^n  four  to  six  feet  wide,  and  he 
slii^htly  raised  above  the  general  surface  of  the  itavement,  to 
keep  them  free  from  mud. 

724.  Broken-stone  Road-^overlng.  The  ordinary  road- 
oovering  for  crtmnion  roads,  in  use  in  this  country  and  Eu- 
rope, is  formed  of  a  coating  of  stone  broken  into  small  frag- 
ments, which  is  laid  either  upon  the  natural  soil,  or  uptm  a 
pavfd  iK'ttoKiing  of  small  irregular  blocks  of  atone.  In 
Kngland  these  two  systems  have  their  respective  parti&ans; 
the  one  claiming  the  superiority  for  road-coverings  of  stone 
broken  ii  to  small  fragments,  a  method  brought  mto  vogue 
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•ome  Tears  sidcc  hy  Mr.  KcAdam,  from  '^bnm  theee  roadi 
Imre  been  tenned  maradami^^;  the  otfer  lieing  the  plan 
pni-saed  by  Mr.  TeUord  iii  tlie  ^reat  national  roads  construct- 
ed in  Great  Britain  witliin  ab<mt  tht*  bhihu  period. 

The  fiiibjevt  of  nmd-iimkin^  liaA  wittnn  tlie  last  few  yean 
excite<]  renewed  ititerce^t  and  di^uasinu  amoiu;  engineers 
in  Fraiicx!;  the  conchision,  drawn  from  experience,  there 
eeourally  adopted  is.  that  a  oovering  alone  oi  atone  broken 
tntofiinall  fi-agments  is  Bufficient  under  the  heaviest  traffic 
and  mo«t  frequented  ruads.  Some  of  tlie  Fren*-li  eiigiueerv 
recoiniiiond,  in  %'ery  yielding  clavey  soili^  tliat  citlmr  a  i>avod 
bottoming  after  Telford**  method  l)c  restarted  to,  or  that  the 
Boil  bo  well  compressed  at  the  surface  before  placing  the 
rojid-covering. 

ITie  paved  bottom  road-oovering  tm  Telford'e  plan  (Fig'. 
224),  iB  fonned  by  excavntiug  the  &nrfaco  of  the  ground  to  a 
Biiitablo  depth,  and  preparing  the  form  for  the  pavement  with 
tlie  precautions  9a  for  a  common  pavement,  ulocks  of  stone 
of  an  irregular  pyniniidal  shape  are  ueleeted  for  the  pa\'e- 
ment.  whit^h,  for  a  rundway  30  feet  in  width,  ehuuld  be  seven 
in<-l)Q«  thick  for  the  centre  of  tJie  road,  and  three  invlicti 
tliick  at  the  sides.  The  base  of  each  block  should  not 
measure  more  tlian  five  inches,  and  the  top  not  leee  than  four 
Uichee. 

The  blocks  are  set  by  the  hand,  with  great  care,  as  closely 
ill  contact  at  their  ba»c6  as  practicable ;  and  blc>ckB  of  a 
Buitable  size  are  selected  to  give  tlie  surface  of  the  jmvement 
a  slightly  convex  Bhupe  from  the  centre  outwards.  The 
BpaccB  between  the  blocks  are  tilled  with  chippingb  of  stone 
coiu|mctly  M]t  with  a  sniall  hatnmor. 

A  layer  of  broken  stone,  four  inches  Cliick,  is  laid  ov«-  thia 
pavement,  for  a  width  of  nine  feet  on  each  side  of  the  centre  : 
uo  fragriieiit  of  tliis  layer  should  measure  over  two  and  a  half 
inches  in  any  <lii-ection.  A  layer  of  broken  stone  of  emaller 
dimcneions,  or  of  clean  coarse  gravel,  ia  spread  oxer  the  wings 
to  the  same  depth  as  the  centre  layer. 

Tbo  road -w>veri tig,  thun  pn^pait-d,  is  throwu  open  to  vehi- 
cles until  the  np)>er  layer  has  become  perfectly  uompact ; 
caro'having  been  taken  to  fill  in  the  ruts  with  fresh  atone, 
in  order  to  obtain  a  uniform  surface.  A  sooond  layer,  about 
two  inches  in  depth,  is  tlien  laid  over  the  centre  of  the  road- 
way ;  and  the  wings  receive  also  a  layer  of  new  material  laid 
on  to  a  sutlicicnC  thicknut^  to  make  the  outside  of  tlio  roadway 
nine  inehcii  lower  than  the  centre,  by  giving  a  alight  convexi- 
ly  to  the  surface  from  the  centre  outwarus.    A  coating  of 
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eTenn  ooar»e  prravel,  one  inch  and  a  lialf  thick,  termed  a 
hityJui^y  is  spread  over  the  surface,  and  the  road-covoring  is 
then  ready  to  be  thrown  oj>en  to  travelling. 

The  stoue  used  for  the  pavement  mav  be  of  an  inferior 
quality,  in  liardnnss  and  Rlrot.trlh,  to  that  placed  at  tli<.i  surface, 
aa  it  is  but  little  expoeod  to  the  wear  and  tear  oceasioncd  by 
trAvelliiig.  The  siirfaco-stoDe  shouJd  be  of  the  hardest  kind 
that  can  be  pn"»cured.  The  gravel  binding  is  laid  over  the 
sarftMM  to  facilitate  tlie  travelling,  whilf^t  the  under  !<tratum 
of  Btune  \«  still  loose ;  Jt  is,  however,  hurtful,  as.  by  working 
in  between  the  broken  stones,  it  prevents  them  from  sotting 
as  coinpatitiy  as  they  wimid  otherwise  do. 

If  the  roadway  cannot  be  paved  the  entire  width,  it  should, 
at  least,  receive  a  pavement  for  the  width  of  nine  feet  on 
eacli  side  <if  the  centre.  The  winga,  in  ttiia  can^,  may  be 
formed  entirely  of  clean  gravel,  or  of  chippings  of  stone. 

For  roads  which  are  not  much  travelled,  Ukc  the  ordinary 
crues  roads  of  the  eountry,  the  pavement  will  nut  denian<l  so 
mnch  (Are ;  bat  may  be  made  of  any  atone  at  Iiniid,  broken 
into  fragments  of  such  dimensions  tliat  no  atone  shall  weigh 
over  four  pounds.  ThesurAice-eoating  may  be  formed  in  ue 
manner  just  described. 

720.  In  forming  a  road-<!cverwg  of  broken  Ktone  alone, 
the  bed  for  the  covering  is  arranged  in  tlie  same  manner  as 
for  the  paved  bottoming:  a  layer  of  the  stone,  four  indies  in 
thiuknesa,  is  (arefnlly  spread  over  tl»e  bed,  and  the  road  ia 
thrown  open  to  vehicles,  care  being  taken  to  fill  the  nits,  and 
preserve  the  snrface  in  a  uniform  state  milil  tihe  layer  has  be- 
came compact;  snoceasive  layers  are  laid  on  and  treated  in 
the  same  manner  as  the  first,  until  the  covering  has  received 
a  thicknci)8  of  about  twelve  inches  in  the  centre,  with  the 
ordinary  convexity  at  the  surface. 

726.  Gravel  Roads.  Where  ^ood  ffravsl  can  bo  procured 
the  road-covcrin";  may  be  made  of  this  material,  which  nhunld 
be  well  scrccncti,  ana  all  pebliles  found  in  it  over  two  and  a 
half  inches  in  diameter,  should  be  broken  into  fragments  of 
not  greater  dimensions  than  these.  A  firm  level  form  having 
been  prepared,  a  layer  tif  gnivel,  four  inches  in  tluckneAS,  is 
laid  on,  and,  when  this  has  t»ecome  compact  from  tlie  travel, 
Boccesaive  layers  of  about  three  inches  in  thickneiid  arc  laid 
on  and  treated  like  the  first,  until  the  covering  has  received 
a  thickness  of  sixteen  inches  in  the  centre  and  the  ordinary 
conve-xify. 

The  Superintending  Engineer  of  Central  Park,  of  New 
Tork  City,  Mr.  W.  IL  Grant,  made  experiments  upon  Telford, 
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McAdam,  and  grave!  riwids  in  the  Park,  and  he  came  lo  the 
or>nvhiBion  that  tlie  graved  roadt),  ta  ihcru  i^tnsirncted,  xvere 
hotter  for  the  purposes  of  park  roads  than  either  of  tlie 
othere.  (Journal  of  the  Franklin  histituU^  1807.  Vol.  S4, 
p.  233.) 

The  gravel  roads  which  were  constructed  hy  him  had  a 
rnbble,  or  broken-stone  foundation,  over  wliich  vras  poaaed  a 
verr  heavy  roller ;  and  upon  which  was  placed  lajora  of  gravel 
which  were  thnnHifflily  nulled.  In  ^mivi  (uses  wircuiied 
gravel  was  umjJ,  aiKlin  othera  gravel  directly  from  the  b* 
Paved  foundations  for  receiving  the  gravel  make  the 
much  inure  durable,  although  the  uri^inul  cust  is  considerably 
increased  thereby.  Roads  of  tins  kind,  wliicli  are  conslautlj 
naed,  ebould  h&  freq^iicntly  repairod,  and  ibe  additional  lavera 
of  gravel  should  he  thorougnW  preaeed  with  a  heavy  roller. 
For  detailed  infonnation,  see  Journal  of  the  Franklin  In«ti- 
tuU,  1.SQ7.  Vol.  83,  pp.  100,  163, 233, 3U7  and  8»1,  and  Vol. 
84,  pp.  283  and  311. 

121.  Afi  ImA  been  already  fltatod,  the  French  civil  enginoerg^ 
do  not  i-egard  a  |>aved  bottoming  as  essential  for  bi-oken-st* 
road-covcrinps,  except  in  ca&ce  of  a  very  heavy  traflie,  or  whore 
the  BuliHtiatinu  of  ttic  road  is  of  a  very  yielding  cliai-actcr. 
They  also  give  less  Tliicknesft  t<»  the  road-covering  than  the 
English  enfjineeraof  Telford's  sdiool  deem  necessary;  allow- 
ing not  more  than  six  to  eight  Inches  to  i-oad-coveriiigs  for 
liglit  trnflif-^  and  about  ten  inches  oidy  for  the  heaviest  trulBc. 

If  the  Roil  upon  wbidi  the  road-eovering  ia  to  be  pln<rerl  is 
not  dry  and  lirni,  they  compreta  it  by  rolling^  whidi  is  done 
by  passing  over  it  several  times  an  iron  cylinder,  alK>nt  six 
feet  in  diameter,  and  four  feet  in  length,  the  weight  of  which 
can  be  iuereasod,  by  additional  weights,  from  ftix  tliousand  lOj 
about  twenty  thousand  jmunds.  The  nmd  material  is  jdact  * 
upon  the  l>ed,  when  well  compressed  and  levelled,  in  layep»] 
oi  about  four  inches,  each  layer  being  compressed  by  passing, 
the  cylinder  several  times  over  it  before  a  new  one  is  fatd  on. 
If  tlie  operation  of  rolling  is  performed  in  dry  woalhur,  tlie 
layer  of  stone  is  watoi-cd,  and  scime  add  a  thin  layer  of  clean 
Band,  fn>m  four  to  eight  tenilis  of  im  inch  in  thickness,  over 
each  luyei-  bef<iio  it  is  rolled,  for  the  piirposo  of  eonsolidating 
the  eurfaeo  of  the  layer,  by  filling  tlie  voids  between  tho 
broken-stone  fragments.  After  the  surface  has  been  well 
consolidated  by  rolliug,  the  hjiuI  is  thrown  open  for  tnivel, 
and  all  ruts  and  other  displm-urneiit  uf  tho  sloiie  on  the  enr- 
facc  are  carefully  repaired,  by  adding  freah  material,  and 
levelling  tho  ridges  by  ramming. 
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Groat  Importance  is  atta<^ed  by  tbe  French  en^neers  to 
Ihe  U6C  of  the  iron  cylinder  for  coiiipres&iiijf  tlie  materials  of 
a  new  road,  and  to  iniiinle  attention  to  daily  rupaire.  It  is 
fitatod  that  by  tho  nse  of  the  cylinder  the  road  is  r>re6entcd 
at  once  iuagood  travelling  couditinu  ;  tbe  wear  of  the  ina- 
teriats  is  less  tliaii  by  tho  old  method  of  ^:radiially  cuneoli- 
dntirij;;  them  hy  the  travel;  tho  uoet  of  repaire  during  the 
first  year  is  diniinislied  ;  it  gives  to  the  road-covering  a  more 
uniform  tliickuesa,  and  admits  of  its  being  thinner  than  in  tlie 
usual  method. 

The  inm  i-oller  ia  now  movoil  by  a  locomotive,  to  which  it 
ia  attui-hed  by  a  snitable  gearing,  tiiat  admits  of  revereing,  so 
as  to  travel  backward  and  forward  over  the  road  siirface. 

728.  AsphalUo  Roadways  and  Sldevralks.  In  pre- 
paring roadways  witli  an  ait|iha]tic  surface,  tho  gmimtj  or 
subfeoii  IB  tiret  made  level  crosBwise,  and  very  compact,  by 
polling  it  vrii\i  a  heavy  cylinder.  U\x)n  this  a  bed  of  hy- 
dmuJiu  concrete,  consistitig  of  one  part  in  volume  of  hy- 
draulic niurtar,  to  two  and  a  quarter  parts  in  \olnme  of 
fi-avel,  is  laid  lo  the  thickneea  of  two  and  a  half  inrhea. 
his  foundation  is  allowed  to  become  perfectly  haj-d  and  dry 
before  tlie  asphalt  is  laid  over  it. 

The  as^haltic  rock  reduced  to  powder  by  tho  ordinary  pi-o- 
ceas  is  nnifonuly  spread  over  the  concrete  bed,  the  snrfavo  of 
which  slmuM  be  thuroiighly  drj*  before  receiving  the  mastic, 
to  the  depth  of  two  to  two  and  a  half  inches.  This  will  pro- 
duce a  layer  of  bucked  material  varying  fix)m  one  and  three- 
quarters  to  two  inches  in  tbickness. 

The  packing  is  done  with  hot  irons  or  pestles,  worked  Ky 
hand,  and  applied  lightly,  so  as  to  produce  a  uniform  smooth 
surface.  Afrer  tlie  upper  bed  is  compresacd  in  this  manner 
tn  ft  proper  thickness,  a  ihin  coat  of  fine  dry  powder,  (ho 
eifliujrs  of  earth  or  of  mineral  coal  ashee,  is  spread  over  tlie 
surface  to  till  up  inequalities,  and  the  surface  is  again 
smoothe*!  over  by  a  flat-iron,  heated  nearly  to  a  red  heat ; 
and,  whilst  the  asphalt  is  still  liut,  it  is  rolled  with  )>oliHhea 
imn  rollers,  the  lighter,  weighing  four  hundred  and  forty 
prmuds,  being  fii-st  applied,  and  then  a  heavier,  weigUiug 
three  tbuusaiid  pounds. 

In  recommencing  work  on  an  unfinished  portion,  tho  part 
to  which  the  fresh  material  is  to  be  joined  is  first  thorooy;bly 
cleansed  from  dnst,  and  hor  asphalt  ]K>ured  over  it 

For  sidewalks  Ihe  aspbnltic  rock  is  reduced  to  a  powder, 
either  by  crushing  it  under  rr>11orB  or  I>y  roasting;  tliis  ia 
then  sifted  tbrongh  wire  gauze,  with  uiesues  of  one-tenth  uf 
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nn  inch.  Tliie  powler  is  thoronghlT  incorfMrated  with  hot 
mineral  tar,  in  the  iisaftl  vaj,  in  the  proportions  of  a^KMit 
three  hnndrpd  and  thirtj  poanils  of  tar  tofourthoiwand  fouf 
hnndred  |x>niid»  of  p')wder.  Thie  mixture,  termed  mastiu, 
can  be  east  into  monlds  of  snitabte  sire  and  kept  for  nse. 

To  one  hundred  [Ktunds  of  this  inixturo  five  i>r  »ix  p»udi 
of  mineral  tar  arc  added.  A  portion,  abont  three  per  cent 
of  the  mastic,  of  the  mineral  tar  is  tire^  heated  in  an  iraoj 
cylinder,  and  then  one-third  uf  the  mnstic  tlmnxigldT  ini 
poraled  with  it  by  stirring  with  an  imn  ^•d,  one  ]>er  nent. 
more  of  the  tar  is  then  added,  and  next  another  third  of  the 
mastic,  and  the  remainini;  i>«.»rtion9  are  stirred  in  in  like 
manner.  When  the  wjiole  is  nu-lted  (ine-lialf  the  gravel  ia 
itirred  tn,  and  then  the  remaining  half  in  the  same  war. 

Tn  warm  climates  the  mixture  may  receive  a  larger  doee  ol 
graveL 

Wlieii  the  subsoil  is  compact  and  dry  a  layer  of  concivtttj 
of  one  inch  and  a  half  in  tiuckneas  is  spread  over  it^  aaC 
oovereil  by  a  laver  uf  mortar  half  an  incli  thiclc ;  and  o^ 
this,  when  thorr>iighly  dry,  a  c<>at  of  one  inch  and  &ix-teutl 
of  the  prepared  mastic  concrete. 

When  the  soil  is  not  hard,  it  should  be  rammed  or  rolled 
to  make  it  eo  before  receiving;  the  hydraulic  concrete,  which, 
in  this  ouae,  is  three  inehes  and  a  naif  thick,  the  other  two 
oourses  bein^  the  same  as  before. 

Tlie  mastic,  whilst  hot,  is  spread  unif'irtnlv  with  wooden 
bowels  over  the  mortar  bed ;  and  befora  it  liaft  ctMjied  fine 
sand  is  sifted  over  the  surface. 

In  some  casee,  instead  of  a  bed  of  bydratdic  concrete  and 
mortar  to  reooivo  the  mastic  concmto,  one  of  hot  gravel, 
mixed  up  with  a  small  dose  of  mineral  tar,  is  laid,  and  over 
this  a  layer  nf  concrete  mastic,  formed  of  tJie  fine  sifiingn  of 
mitienil  coal  ashes,  mixed  np  with  heated  niinernl  tar,  its  laid 
to  form  the  top  coating.  This,  in  like  manner,  may  ret^oive 
a  sifting  of  fine  eaud.  KollurH  arc  used  in  this  case  to  give 
oompactnees  to  the  bod  and  the  upper  layer. 

728.  Materials  and  Repaira.  The  materials  forbrokei 
stone  roads  Bhould  be  hard  and  durable.  For  tlie  bottom' 
layer  a  soft  stone,  or  a  mixture  of  liard  and  soft,  may  be 
used,  bnt  on  the  snrface  none  but  the  hardest  stone  will  with-j 
stand  the  action  of  tlie  wheels.  The  stone  should  be  cat4« 
fully  bnikon  into  frajjrneuls  of  nearly  a»  cubical  a  form  as 
practicable,  and  be  cleansed  from  dirt  and  of  all  very  small 
rragincnts.  The  broken  stone  should  be  kept  in  depots  at 
convenient  points  along  the  UiiC  of  the  road  for  repairs. 
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Too  great  attention  cannot  be  bestowed  upon  keeping  the 
road-Burfauo  free  from  an  accumulation  of  mud  and  even 
of  dii8t.  It  Bhoiild  be  contitantty  cleaned  by  scraping  and 
Bwcepiii^.  The  repairs  should  be  daily  made  by  adding  freab 
xuateriafuptin  all  points  where  hoUuw^  or  ruts  comtDcuce  to 
form.  It  18  reconnneuded  by  aomc  that  when  fresh  material 
is  added,  tliu  aiirfuiH^  on  which  it  Is  spread  hIiuuM  be  bntkeu 
with  a  pick  to  the  depth  of  half  an  incli  to  an  inch,  and  the 
fi'cah  material  be  well  settled  by  ramming,  a  Binall  quantity 
of  clean  sand  being  added  to  make  the  stone  pack  better. 
When  nut  daily  repaired  by  perauna  whot^e  sole  busineee  it  is 
to  keep  the  road  iu  good  order,  general  repairs  should  be 
nmde  in  the  months  of  <)et<^ber  and  April,  by  roraoviiig  all 
aceiimiilationa  of  mud,  cleauing  out  the  side  rhannols  and 
other  drains,  and  adding  fresh  material  wliere  requisite. 

The  importance  of  keeping  the  road-surface  at  all  timefl 
free  troiii  an  accumulation  ui  mud  and  dust,  and  of  preserv- 
in;*  the  surface  iu  a  iiuiftrm  state  of  evenness,  by  the  daily 
a<ldition  of  fresh  material,  wherever  the  wear  is  sutlicicnt  to 
call  for  it,  cannot  be  loo  stixaigly  insisted  upon.  Without 
this  constant  superrision,  the  best  constructed  road  will,  Jn  a 
ithort  time,  be  untit  for  travel,  aud  with  it  the  weakest  may  at 
uU  times  be  kept  in  a  tolerably  fair  state. 

'730.  CroM  Dimenaioos  of  Roads.  A  road  thirty  feet  in 
width  is  amply  sullicieut  for  tlio  ciuriage-way  of  the  must  fro* 
quentcd  thoruughfarefl  between  cities.  A  width  of  forty,  or 
even  sixty  feet,  may  be  given  near  cities,  where  the  greater 
part  of  the  traiisporlatiun  is  effected  by  land.  For  cross  rt^mis 
and  otliers  of  minor  importance,  the  width  mav  be  reduced 
according  to  the  nature  of  the  case.  The  width  should  bo 
at  east  sufficient  to  allow  two  of  the  ordinary  uarriages  of 
the  country  to  pass  each  other  with  safety.  In  all  cases,  it 
should  he  liorue  m  miud  that  any  mmece^aary  width  increases 
both  the  tirst  cost  of  coustrucUou,  and  the  expense  of  amiual 
repairs. 

Very  wide  roads  have,  in  some  cases,  been  a&ed,thc  centre 
part  only  receivlug  a  road- covering,  aud  tJie  wings,  termed 
8ummer  rottdt^  being  formed  on  the  natural  surface  of  the 
subsoil.  The  object  of  this  system  is  to  relieve  the  ntadcov- 
ering  from  the  wear  and  tear  occasioned  by  the  ligliU-r  kind 
of  vehicles  during  the  smnmer,  as  the  wings  pret«cnt  a  more 
pleasant  surface  foi  ti'avelling  in  that  season.    But  little  it 

Siuui'd  bv  this  system  under  this  point  of  view ;   and  it  hiu 
le  ineou\euien'co  of  forming  ditring  the  winter  a  large 
quantity  o£  mad,  whicli  is  very  injurious  to  tlie  road-covering 
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rtf  Um  iide  iTiMiiMJi  Th»  «Brfiu»  «r  ibe  feot-Mih  dMoM 
ban  s  joiefc  at  two  ndiM,  knmdi  the  ade  rhiwiBh,  ti 
«oiiiPCTit»iiirliwe-w»CcrraioUicm.  When  As  aataiml  aoQ  ii 
firm  u)d  Mad;,  or  granUr.  its  •nrCkce  «iD  verfv  far  tli«  font 
pstb:  but  hi  odwr  oieft  uie  ttitenl  anl  mott  be  thrown  oat 
losoepthof  HxiadieitaDd  tbeezcBvaCiaa  befiDedvhh  fine 
dean  gn««l. 

To  present  tfa*  looC-rath  from  being  dunned  bv  the  rtir 
rent  oc  wster  in  die  mot  rhtnnfhf  iti  fide  Mw,  next  to  the 
tide  eheiroei,  mnii  be  prKerted  bj  »  facbg  of  good  sod^  oi 
<f  di^itooe. 

Aa  tt  is  of  the  fint  importtnoe,  in  keepuv  the  nind-irmT  in 
%  good  tmTelling  flUte,  (£ac  ii«  snrfmce  tbrmld  be  kept  dry,  it 
wul  be  neeeMirr  to  remove  from  it,  u  fv  ii  practicable,  all 
objects  that  m^bt  obatnict  the  Bctk»  of  tbe  wind  azid  the 
mo  on  its  taHaee.  Fencea  and  hedge*  al'^  the  road  aboald 
not  be  higher  than  fire  feet ;  and  no  treea  ihoald  be  mffared 
to  stand  on  the  road-ode  of  the  nde-dnios,  Cnr  indciwndently 
ti  diading  the  mad-var,  their  roots  woaM  in  time  throw  ap 
the  road-ooTeriiif;. 

TSL  Plnnk-RoAda.  PUnk-rofld«  irere  rerr  popalar  a  few 
jreatBiiDoe.  Tbe  road  was  carefullr  |fmde<},  then  Mringen 
— one  on  each  aidfr— were  ini)>e>lde(l  in  the  earth,  and  upon 
these  were  laid  pbuilra,  three  or  fonr  inches  thick,  forrnini^  a 
ootitintioas  floor.  When  the  planks  are  new  and  woll  laid 
this  iiiakcft  a  very  agreealile  road  for  bauli^  and  fnr  nlea&uro 
rides,  tmt  when  the  planks  become  worn  and  dis^latred  it 
makes  a  rery  disagreeable  road.  As  a  general  thing  thej 
have  been  a^tandoneO.  eiwpt  in  («rtain  !t>calitie«  where  tliey 
are  mainlained  on  ac(»>iuit  of  peculiar  circunifitanrea.  A 
Upod  gravel  road  has  been  foand  to  be  more  profitable,  and 
ui  the  long  ran  makes  a  mncb  better  roetl.  Many  plank- 
roads  have  been  changed  to  McAd&m  or  to  Telford  roads. 

IL 
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132.  A  raihoaify  or  railroad^  is  a  track  for  tlie  wheels  j>f 
Teliiclcs  to  run  on,  whit^h  is  formed  of  iron  bars  placed  in 
two  parallel  lines  and  resting  on  firm  snpports. 

733.  Ralls.  The  iron  ways  tirst  laid  down,  and  termed 
trarmoat/»f  were  made  of  narrow  iron  plates,  cast  la  sliorl 
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lengths,  with  fen  upright  flancJi  on  the  extet  or  to  cciifine  the 
wheel  within  the  track.  The  plates  were  found  to  be  de- 
ficieut  in  strength,  and  wore  replaced  by  others  to  which  a 
vertical  ril)  was  added  under  tlie  plate.  Thifi  rib  wan  of  iini- 
iorm  breadth,  and  of  the  shape  or  a  semi-ellipse  in  elevation. 
This  form  of  tramway,  although  superior  in  streuglh  lo  the 
tirst,  was  still  found  not  to  work  well,  as  the  mud  wtucli  ac- 
cumulated between  the  flanch  and  the  surface  of  the  plate 
presented  a  cousiderable  resistauce  to  the  forte  of  ti-action. 
Tu  obviate  this  defect,  iron  bare  of  a  acmi-olliptical  sbajw  in 

Tit.  UT— SmnHnta  ft  (wxaUm  •,  oC  Ite  Stb-MIM 
tail  ot  UMLlmjmol  ud  Muyetmur  auiWfT,  ud  tb» 
nMbod  In  whl^  It  la  aeMfcd  U>  lu  chair.  Tti*  Mil  la 
fcVMwd  vlth  ft  illibit  twajaedoa  at  bolUim,  vhlch  Ota 
Into  ft  aia  laiiwiftillBi.  BMeh  In  Um  *kta  ot  Um  cbfttr  6. 
An  Iran  wodce  e  U  inacncO  Into  a  noUli  on  Uie  appatktt 
tu*  of  tha  «balr,  aad  moBim*  Um  nil  In  Lta  |>laaih 

elevation,  which  received  the  name  of  efJge-raiJs,  were  sub- 
stituted for  the  plates  of  the  ti-amway.  The  (^nsw-scctions  of 
these  rails  are  or  the  form  shown  in  Fig.  2i!T,the  top  surface 
being  gliifhlly  convex,  and  sufliciently  broad  to  preserve  the 
tiro  of  tno  wheel  from  wearing  unevenly.  This  change  in 
the  form  of  the  rail  introducea  a  correepunding  one  in  the 
tires  of  the  wheels,  which  were  made  with  a  flanch  on  the 
interior  to  confine  them  within  tho  rails  of  the  lra*tk. 

The  cast-iron  edge-rail  was  found  upon  trial  to  be  subject 
to  many  defects,  arising  from  the  noture  of  the  material 
As  it  was  necessary  to  cast  the  raiU  in  short  lengths  of  three 
or  four  feet,  tlie  trat^t  presented  a  number  of  joints,  whitdi 
rendered  it  extremely  diflicult  to  preserve  a  uniform  snrface. 
Tlie  i-ails  were  found  to  break  readily,  and  the  suj-face  upon 
which  the  wheels  i-au  wore  unevenly.  These  imperfections 
6nally  led  to  the  substitution  of  wrought  iron  for  cast  iron. 

734.  The  wroiight-iron  rails  firtt  brought  into  use  received 
nearly  the  same  shape  in  cross-section  and  elevation  as  tho 
cast-iron  rail.  They  were  formed  by  rolling  them  out  in  a 
rolling-mill  8o  arranged  as  to  give  the  rail  its  proper  shape. 
The  length  of  Uie  ruil  was  usually  fifteen  feet,  the  bottom  of 
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H  (Fig.  S28)  presenting  an  undulating  outline  so  dispieed  as 
to  give  the  rail  a  bearing  point  on  supports  placed  three  feet 
apart  between  their  centres.  This  form,  known  as  the  fitih- 
helly  rail,  was  adopted  as  presenting  tlic  greatest  strength  Ua 
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iU»  namti  Amoimt  o(  mettL    It  hw  bem  faaad  on  trial  to  be 
liftlile  fo  mui7  {noonrenkoceft.    The  nib  break  tt  ftbcmi 
oitw  inr^im  frf>m  the  tupportt,  or  one  fouth  erf  the 
beUnen  tbc  beuing  {wjintt,  and  from  the  carred  fonn  c^  tbtfl 
bottom  of  the  nil  thej  do  not  a>imit  of  being  cop|»rted  ^ 
Ihnx^ont  tbeir  ienaltiu 

nSo,  Tlin  f'irm  of  rail  at  pretent  io  most  (^ueral   use  ta 
known  hy  the  n^me  of  the  parallel,  cv  Uraight  rail,  the  topi 
and  bott/'Tii  of  i}>e  rail  being  parallel ;  or  aa  the  T,  or  H  lai^ 
from  the  fi  <rm  at  t}ie  crcift-«ectinQ. 

A  rarietv  of  forms  of  croM-*ectioTi  are  to  be  met  with  in 
tlio  pnralld  rail     The  mora  iMual  fonn  u  that  (Fig.  229^  in 

Ti».Mi  aiiniii«  I        III 
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which  the  top  \t,  ii1m[>e(l  like  Fhe  same  part  in  the  fish-bell; 
mil,  ihi*  IhiH^itii  lurriiff  wideiiMl  out  to  give  the  rail  a  more 
iTaMe  (M-at  cm  it*  »iipp<»rtB.  In  sonic  cases  the  top  and  bot- 
i'i\n  (iro  innde  oliko  ro  admit  of  turning  the  rail.  Tlie  great- 
Mt  dpviiition  fmrii  iho  imiin!  form  ia  in  the  rail  of  the  Grreat'" 
Woftrm  Railwav  in  Kn^'lnnd  (Fig.  230),  and  tlie  Grand 
Trunk  in  Canada ;  but  tliia  form  ia  rapidly  going  out  of  nae. 


jt  I       .,.  w^_  T*"—  www —iM  ■  tf^m^KOJvi  «>  am  tmm  at  um  ui^ 

tZ^\  Vmmb  ItMlmr  la  fctglHA.   TbknaiaMdMiataaRlm. 

^r\  \  ow  «BMotl,  MM  I*  iMbwd  to  K  br  ■£■««•  «ft  each  *■•  «( 

^W»-^  I       1      "*^!^      tb«  liriL    A  ptMM  «r  IMT^  Ml  «M  Inactad  bMawa  Ite 

^ '       ■— ^^     tMB  t4  Uw  nU  nul  IH  Mifon. 

Tlie  dimcnfiionsof  the  croes-section  of  a  rail  ahonld  be  Buch 
thnt  tlio  dufluction  in  the  centre  between  an^-  two  points  of 
supp<irt,  caused  by  the  heaviest  loadii  upuu  the  track,  ehoiild 
not  1)0  HJ  great  na  to  cause  any  ver}*  appreciable  increase  of 
rcsiKtaiiee  to  the  force  of  traction.  The  greate&t  deflection. 
uA  laid  down  by  fionin  writers,  fihoiild  not  exceed  three-hnii- 
drodltis  of  an  inch  for  the  iiaual  bearing  of  three  feet  between 
the  points  of  support.  The  top  of  tho  rail  is  nemallT  abont 
two  and  a  half  inches  broad,  and  an  inch  in  depth.  This  liaa 
been  found  to  present  a  good  hearing  sorfiu^e  Tor  the  wheels, 
end  sufllcient  strength  lu  prerrut  the  top  from  being  enured 
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by  the  weight  upon  the  rail.  The  thickness  of  the  rib  vnried 
between  half  an  inch  to  thi-ee-fonrtlis  of  an  'UL'h;  and  the 
total  depth  of  the  rail  from  three  to  five  inches,  Tlie  thick- 
ness anu  brendth  oi  the  bottom  liave  been  %'artecl  according  to 
the  Bti*eiii;th  ant!  stability  demanded  b_y  the  trafiic. 

736.  Steel  Rails.  Raila  made  entirely  of  stifl.,  or  of 
wrought  ir*m,  with  a  thin  bar  of  steel  foruiiiig  tlie  top  surface, 
or  8(teJ-toj)^oT  Htiiel-h^uUd  rails  as  they  are  termed,  m>in  llieir 
Btiperior  strength  and  dumbility,  are  comiiifj  into  general  use 
iu  replacing  the  worn-out  wrought-iron  rails  of  old  roads. 
StWfl  obtained  from  any  of  the  nsnal  processes,  either  cast, 
puddled,  (T  ItcBscmer  steel,  may  be  used  for  tite  steel  heads 
of  rails. 

From  the  experience  of  Swedish  engineers  it  appears  that 
solid  Deeaemer  steel  rails  of  the  best  charcoal  pig-iron  may  be 
made  10  per  cent  lighter  than  the  best  English  wroTight-m>n 
rails,  a  result  whicli  has  been  carried  into  practice  uii  the 
Austrian  railways. 

The  durability  of  iron  rails  appears  to  depend  principally 
upon  the  perfection  of  the  welding,  tlic  chief  cansc  of  (heir 
want  uf  durability  arising  from  the  lamination  caused  by  im- 
perfect welding. 

Formerly  \vi-ought-iron  rails  were  made  uartly  by  hamner- 
ing  and  partly  by  rolling.  At  present  rolling  alone  is  used, 
and  the  rcsolu  are  said  to  bo  more  satisfactory,  whilst  the  pro- 
cess of  manufacture  is  more  simple. 

The  rciiii-tance  to  wear  of  rails,  from  Eii^'lisb  experience,  it 
is  said,  may  bo  measured  bv  the  product  of  the  speed  and  of 
the  weigiit  passing  over  tiiein.  Tlie  rule  proposed  for  the 
work  that  rails  may  be  subjected  to  is  330,000,000  t<»ns  trans- 
p<trtod  at  the  rate  nf  one  mile  \icr  hctiir.  The  length  uf 
time  thut  iron  rails  will  last  in  any  given  case  will  be  found  hy 
multiplying  the  number  of  t^ms  transi>ortod  by  the  rale  ef 
speed  per  liuur  and  dividins'  by  220. 

737.  Supports.  The  rails  are  laid  upon  supports  of  tim- 
ber or  stone.  The  supports  should  present  a  firm,  uuyicM- 
iiig  l»ed  to  the  rails,  so  as  to  prevent  all  displacemi-nt.  either 
in  a  lateral  or  a  vei-tical  dh-ection,  from  the  pressure  tlirovm 
upon  them. 

Considerable  diversity  is  to  bo  met  with  in  the  practice  of 
engineers  on  this  point.  On  the  earlier  roads,  heavy  stone 
blocks  were  mostly  used  for  supports,  but  these  were  found  to 
require  great  prettautinns  to  render  ihem  firm,  and  they  %ver.^, 
moreO''er,  liable  to  split  from  the  means  taken  to  con^ne  the 
nils  f  >  them.  Timber  is  generally  preferred  to  stone.  It 
88 
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ftffoHs  a  mope  atrreeable  road  for  travel,  and  pvea  a  hettoi 
lateral  suppurt  to  the  m'lU  Uian  stoiio  blocks,  and  the  wear 
iijHui  the  ioooiDotive  and  other  machinery  is  le»»  eevere, 

Tlio  iiRiial  method  of  placing  timhersupports  is  transversely 
to  tlie  track,  each  8»ip]»ort,  termed  a  sfe^wr^  or  cro8»4i^ 
lieing  fonned  of  a  pieee  of  timber  six  oreigut  inches  Bquani. 
The  ordinary  distanc-e  between  the  centre  lines  of  the  sup- 
ports is  tliix'c  feet  for  rail*  of  the  usual  diinengious.  "With  a 
j;i-«iliir  licaring,  raila  of  the  (irdiriary  dimensions  do  not  pre- 
sent RufHcient  i>tiffneefi.  The  eleeperd,  when  fonned  of  round 
timber,  should  be  Bquared  on  the  upper  and  lower  surface. 
On  some  of  tlie  recent  railwayH  in  England,  sleepers  present- 
ing in  CTOB8  section  a  nght-augled  triangle  hare  been  used, 
the  ri^ht  anglo  being  at  tlie  bottom.  Tlioy  are  represented  to 
l»e  more  convenient  in  st'ttint;,  and  to  offer  n  more  stable  Bup- 
jK)rt  than  tluHC  of  thf!  nsiial  form.  The  fllcejwni  are  plaued 
either  iii)on  the  lKilliu>tiii;i  of  the  n)adwav,  or  upon  longitudi- 
ikal  hcnins  laid  iK'iieath  them  along  tlie  line  of  the  rails.  Tlio 
latter  ib  indLi]>ensable  upon  new  embankments  to  prevent  the 
ends  of  the  sleepeni  from  settling  unequally.  Tutck  plank, 
about  eight  inches  broad  and  three  or  fonrinehee  thiek,  is 
usually  employed  for  the  longitudinal  supports  of  the  sleepers. 

On  s<ime  of  the  more  recent  railways  in  Englnnd,  the  rails 
have*been  laid  upon  longitudinal  beamw,  presenting  a  eon- 
tinuous  Bnp|K»rt  to  the  rail,  the  beams  resting  upon  cross-ties. 

738.  Ballast.  A  oovering  of  hi-oken  st/iiie,  of  olean  coarse 
gravel,  or  of  any  other  material  that  will  allow  the  water  to 
drain  off  freely,  is  laid  up^m  the  natural  earface  of  the  excava- 
tions and  embankments,  tu  form  a  finn  foundation  for  the 
siipporte.  This  has  reoeived  the  appellation  of  the  haUnst. 
Its  tliiekness  is  from  nine  to  eighteen  iuehea.  Open  or  broken- 
stone  draiiiti  should  l»e  plaoed  nencath  the  ballasting  to  convey 
off  the  surface  water.  The  parts  of  the  ballasting  ujion  which 
the  6apj.»ort»  rest  should  be  well  rainuicd,  or  rtHIed;  und  tt 
should  be  well  packed  beneath  and  aroinid  the  supptfrts. 
After  the  rails  are  laid,  another  layer  of  broken  stone  or 
gravel  should  be  added,  the  surface  of  which  should  be 
sliifhlly  convex  and  about  three  inchca  below  the  top  of  the 
raJls. 

739.  Temporary  Railways  of  Wood  and  Iron.  On  the 
firet  intnxlnction  of  railways  into  the  Llnilcd  Statoi^  the  tracks 
were  formed  of  flat  iron  bars  laid  H]>on  longitudinal  beamf^ 
Tlie  iron  bars  were  alwtit  two  and  a  haU  inches  in  breadth, 
and  from  one-half  to  thi-ee- fourths  of  an  inch  in  tiiiekness,  the 
top  anrfaec  being  slightly  convex.     They  were  placed  <m  th» 
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tong^tudinal  beams,  a  little  bauk  from  the  inner  ed>;c,  the 
side  of  the  beam  near  ttie  top  being  bevelled  off,  and  were 
fastened  to  the  h^Atn  by  acrewa  or  spikee,  which  passed 
tliniiijfli  elliptical  holes  with  a  fionnt*M-fiiiik  to  receive  tlie 
head*  of  the  spikes;  the  holes  receivinj;  thin  shape  to  allow 
of  the  contraction  and  expaiisinii  of  the  bar,  without  displac- 
ing the  fastening*.  The  lungitudiiial  beams  were  Hupported 
by  crofla  uleepere,  with  which  they  were  oonnoi-ted  bv  wedges 
that  confined  tho  beams  hi  notches  cut  into  the  sleepers  to  re- 
ceive tlicm.  The  longitudinal  [>ean]9  were  usually  alnint  six 
inches  in  breadth,  and  nine  inches  in  depth,  and  in  as  long 
lengths  as  they  could  be  pmctireJ.  The  joints  between  the 
bars  were  eitlicr  square  or  oblique,  and  a  piece  of  iron  or  zinc 
was  inserted  into  the  beams  at  the  joint,  to  pre%-ent  the  end 
of  the  rail  from  being  crushed  into  tno  wood  by  tho  wheels. 

In  some  instances  the  bars  were  fastened  lo  long  stone 
blocks,  bnt  this  method  was  soon  abandoned,  as  the  stone  was 
rapidly  destroyed  by  the  action  of  the  wheels ;  besides  which, 
tho  rigid  nature  of  the  stone  rendered  the  travelling  upon  it 
excessively  disagreeable. 

This  rivHtem  of  railway,  whoee  chief  ref^ommendation  is 
eroni)inv  in  the  first  cost,  lins  gradually  given  place  to  the 
folid  mil  Besides  the  want  of  durabilitv  of  the  structure,  it 
dfie^  not  possess  sufficient  strength  for  a  heavy  trafiie. 

740.  Gauge.  The  distance  between  the  two  lines  of  rails 
of  a  track,  tei-med  the  ffau^a,  which  has  been  adoptetl  fr>r  the 
great  majority  of  the  railways  in  England,  and  also  with  ns, 
19  4  feet  oi  inches.  TInV  gauge  appears  to  have  been  tlio  re- 
sult of  chance,  and  it  has  been  foUowcd  in  the  great  majnrity 
of  cases  np  to  the  present  time,  omng  to  the  mconveuience 
that  would  arise  from  tlie  adoption  of  a  diflFercnt  gauge  u[>ou 
new  lines.  The  greatest  deviation  yet  made  from  the  estab- 
Uahod  gauge  is  hi  that  of  the  Great  Western  Railway,  in 
which  the  gange  is  seven  fe«t  Engineers  are  generally 
agreed  that  with  a  wider  gauge  the  wheels  of  railway  cars 
could  be  made  of  creater  diameter  than  they  now  receive, 
and  be  placed  outtside  of  the  cars  instead  of  under  lliem  as  at 

{ireacnt;  the  f^ontre  of  gravity  of  the  load  might  bo  placed 
ower,  and  more  steadiness  of  motion  and  greater  Bccnrity  at 
high  velocities  be  attained.  All  roads  havmg  a  gauge  alwva 
4  feet  8^  inches  are  inclined  rather  to  reduce  ihein  to  that 
gauge  or  nse  a  third  rail  so  as  to  nm  the  cars  of  tliat  gauge 
over  their  own. 

Within  the  Idit  finr  or  five  years  the  Bnhject  of  made  of 
wry  Ttarrow  gauffe  has  been  ranch  discussed.     The  advan 
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tages  principallr  claimed  for  roads  of  this  kind  are:  let- 
great  reduetiun  m  first  Ltist;  2d,  ullowirigftlei^r  grades  aiij 
cnn'ea  of  Rmaller  radiiw ;  3cl,  less  wear  aud  tear  on  tho  road 
on  account  of  the  rolling  stock  heinc  mncb  ligliter;  4tb,  Ihe 
ratio  of  live  Ui  ilead  wi-ight  in  iimcTi  less.  S<ime  tini*  have 
Iwen  made  with  a  s!^-foot  jrauge,  Imt  thi^  advocates  of  narrow 
gangv  generally  recommend  a  3-foot  gaufje.  The  latter  is 
the  gaage  of  tlie  Denver  and  Texas  narrow^uge  road. 

In  a  double  track  the  di^tanco  tpctu'ct;n  the  two  tracks  ii 
ffea»ull^'  the  luiiie  as  Uie  gange ;  aud  the  distauce  between 
uiG  ontgido  rail  of  a  track,  and  tlie  sides  of  the  excavation, 
or  embankment,  ia  seldom  made  plater  than  six  feet,  as  this 
is  deemed  enfficient  to  prevent  tiie  cars  from  goiug  over  an 
embankment  were  they  to  rnn  off  the  raila. 

'74L  On  all  t^traight  p<:>rtiuns  of  u  traek,  the  sapports  shonld 
be  on  a  level  transvereely,  and  parallel  to  the  plane  of  the 
trai-k  lungititditially.  The  ti>p  sitrfara  of  the  rail  i^hnuld  in- 
cline inward,  to  conform  to  the  conical  form  of  the  wheels ; 
this  is  now'  usnaliy  effected  bj  giving  the  chair  tlie  roqnisito 
pitch,  or  by  forming  the  top  snriaco  with  the  reqniMte  bevol 
for  this  purpose. 

'742.  Curves.  In  the  curved  portions  of  a  track  tlie  cen- 
tnfii;,nil  force  lends  to  force  tho  carriage  towards  the  outside 
rail  of  the  ciir%'e,  and  by  elevatins;  the  outer  rail  tlie  force  of 
gravity  tends  to  draw  it  towards  the  inside  raiL  From  the 
atwve  conditions  of  equilibrium  tho  elevation  which  tlie  ex* 
terior  rait  should  receive  above  Ihe  interior  ran  bo  i-cadilv 
ealcntatcd.  The  method  adopted  is  to  give  tJie  exterior  rail 
an  elevation  siillicient  to  prevent  thellaiicli'.tf  the  wheel  frmi 
tteing  driven  iijAiinet  the  side  of  the  rail  when  tho  i-ar  is  mov- 
ing at  the  hi»;rie?t  supposed  veloeitj' ;  or.  in  other  words,  to 
give  Uie  inclined  plane  across  the  track,  on  which  the  wheels 
rest,  an  inclinntion  such  that  the  tendency  of  the  wheeli)  to 
elide  towards  tho  interior  rail  shall  alone  counteract  the  ceii- 
trtftig:d  force. 

743.  Sidings,  eto.  On  single  lines  of  railwaya  short  por- 
tions of  ft  track,  termed  »idingf>^  are  placed  at  conTcnient  in- 
tervals »l«inj^  the  main  Irack,  to  enable  cars  going  in  opprwite 
dircetioriK  li>  crot^s  each  other,  one  train  lyassiiiginto  the  siding 
and  Btojininc:  while  the  other  proceeds  on  toe  main  track. 
Dn  df'iiiile  lines  armngcmeuta,  tenned  cT«C(nn^». arc  iiindc  f; 
enable  trains  t-o  pass  from  cme  track  into  tho  other,  as  cinium 
stances  may  require.  The  position  of  sidings  and  theij 
length  will  depend  entirely  on  looal  circu instances,  as  thf 
length  of  the  truiua,  Uie  number  daily,  etc. 
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The  luuiDer  generally  adopted,  of  connecting  the  main 
I.     f.i      _-jif__      —     -..._  ; -—-'i.     It  uoneiftta 

opposite  rails 


j.ne    itunnor  gent;raiiy   HuupitHj,  vii.    (;uiiui:M;(ir^ 

track  with  a  siding,  or  a  crossing,  is  very  simple.     It  uoneiftta 
(Fig.  231)  in  having  two  short  Icngthg  of  the  c 
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of  the  main  track,  where  the  siding  or  croeaing  joins  it, 
movalile  around  one  of  their  ends,  bo  that  the  other  can  bo 
displaced  from  the  lino  of  the  miiin  track,  and  be  joined 
with  that  of  the  siding,  or  crossing,  on  the  pa&sago  oi  a  car 
out  of  the  main  track.  These  movable  portions  of  rails  are 
ocaindcted  and  kept  parallel  by  a  long  croes-bolt,  to  the  end 
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nx.  nt— lt«pnwiiu»|d>ln  K,  M»d  MMlafia,  of  4  and  FTOMlr«  fivu.  Tk«  filUUA  Ua( 
(wt-trMi.  with  notksl  rll»  •^  c,  ea  tha  boCtooi,  to  glra  It  llw  miiiUtu  itiMiKtli.  Wnt^t- 
Iron  hMi  a,  a,  lOMod  tn  Um  llai«  al  Ui«  t«i»  iBtmKtbw  kU*  4.  tf.  aru  Unity  «uwwl  to 
tti'  i<lau ;  ■  mOlelMl  ipMi  bdd(  Idt  bw«Ma  tbiB  and  Um  nila  tor  iha  ftMMk  ot  l^ 
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of  which  a  vertical  lever  is  attached  to  draw  them  forward,  or 
shove  them  back. 

At  tJie  point  where  the  rails  of  the  two  tracts  intersect,  a 
cast-iron  plate,  termed  a  orosHnff-plaU  (Fig.  332),  i^  placf^i  W 
connect  the  rails.  The  snrfaco  of  the  plate  is  arranged  either 
with  grooves  in  the  lines  of  tlie  rails  to  admit  the  fiaiu-h  of 
the  wnee'  in  passing,  the  tire  running  npon  the  surface  of  the 
plate;  or  wrougbt-iron  bars  are  altixed  to  the  surface  of  tlie 
plate  for  tliesHiiie  purix*?©. 

The  angle  between  the  rails  of  tlie  main  tracks  and  thowi 
of  a  si<ling  or  crossing,  termed  the  anffle  of  d<rfltctio7\^  alionld 
not  he  greater  than  %^  ur  S".     The  coiuiectuig  rails  botwoen 
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ebtt  atrnighf.  ffortioiu  of  the  trada  ibotdd  b*  of  ttu  •hftpe  <4 
tin  S  c-urvo,  in  order  tbrnt  the  psiMge  m^  be  gndnaUj 
effected.  At  tiw  present  CttDe  swiccb  rmilA  aad  froei  of  pecQ> 
li&r  caiMtniction  are  in  dmi,  whJth  are  au  made  and  arranged 
tut  to  leavo  ttie  main  track  nnbrt^ben,  so  that  if  the  iwitc^  i» 
wronp;)j  placed  the  train  nn  the  main  track  will  not  mn  ofl. 
Tlierc  arc  man;  dericei  for  lecoring  thii  tmnlL 

744.  Tum-plateo,  Where  one  inak  intenecci  ftDoCber 
nnder  a  ^-"n.->i<lcrable  uigloi  it  will  be  neeeemy  to  sabetituta 
for  the  ordin&Tf  method  of  coooeetin^  them,  what  ii  termed 
a  turrt-jtlaUy  or  turn-table.  This  consuta  of  a  strong  circalar 
platfonn  of  wrj>>d  or  ca«t  innit  movable  around  its  centre  b/ 
meant  nf  conical  rollers  beneath  ic  mnnini^  npon  iron  roller- 
wavt.  Two  r&ils  are  laid  upon  the  tiUtfnrm  to  recetre  the 
car,  which  U  transferred  from  one  trade  to  the  other  bv  turn- 
ing tlie  platfonn  siifiicieDtl;  to  place  the  rails  upon  it  in  tha 
sami;  line  as  those  of  the  track  to  be  passed  into, 

745.  Street  oroasingB.  yfhsm  a  trsck  httenects  a  road,  or 
street,  iip<^  the  same  lerel  with  it,  the  rail  mast  be  gnarded 
bv  caht'tpm  plates  laid  on  ea^'h  side  of  it,  sufficient  space  be- 
ing left  l>etween  them  and  the  rail  for  the  plav  of  the  flanch. 
The  t<>|>  of  the  plates  shooid  be  on  a  level  wjt£  the  top  of  the 
rail.  >Vhorever  it  is  praoticsble  a  drain  ehoold  be  placed  be- 
neath, to  receive  the  mud  and  dust  which,  accuranlating  be- 
tween the  plates  and  rail,  might  inti>rfero  with  the  passing  of 
the  cars  ittoii^  llio  rails. 

746.  Gradients.  Frrxu  Tarioos  experiments  upon  the 
fri(-ti<in  of  can  iiixin  rail  ways,  it  appears  that  the  angle  of 
repose  is  about  y^,  but  tluU  in  de6cending  gradients  niuch 
steeper,  the  velocity  due  to  the  accelerating  force  of  gravity 
sof>n  nttnitiR  its  greateei  limit  and  remains  constant,  from  the 
rwiwtanro  canned  by  the  air. 

The  limit  of  lliV  velocity-  thus  attained  upon  ^dients  of 
.any  dngree,  whether  the  train  deaccnda  by  the  acitonof  grav- 
ity almitt,  or  by  the  comliiued  action  of  the  motive-power  of 
the  engine  and  gravity,  can  be  rpadily  detcmiine*'  f<ir  any 
given  Aiiid.  Krom  calcnlation  and  experiment  it  appears  that 
heavv  trains  may  desoond  gradients  or  j^^.  withont  attaining 
a  greater  velocity  than  nltout  40  or  50  inilee  an  hour,  by  al- 
lowing thctn  to  run  freely  without  applying  tho  brake  to 
check  tlu!  Hjwtfil.  I}y  the  application  or  tlio  brake,  the  velo- 
city imxy  be  kept  within  any  limit  of  safety  upuii  much  steo{>er 
grndients.  Tho  only  question,  then,  in  c«>niparing  tlie  ad- 
vnntiigi'9  of  different  gradients,  is  one  of  the  comparative  otsI 
between  the  low  of  power  and  s^>eed,  on  .he  one  hand,  ioi 
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ascending  trains  on  steep  gradients,  and  tliat  of  the  heavy  ex- 
cavatioiiB,  tunnels,  and  embtuikincnts  uu  the  other,  whk-h 
iiiaj'  be  n^qiiiret]  bv  lighter  gradieiitB. 

lu  distnliiiting  "the  gradients  along  a  line,  engineers  are 
geuerallj  agivcd  tluU  it  is  mure  advantageous  to  nave  eteep 
gmdieiit^  upon  tihurt  iHiitiuiis  of  tlio  litut,  than  to  overcome 
the  eanie  differenire  of  level  by  gradientij  le«a  ateep  upon 
longer  dcvelupmenls. 

747.  Li  Hte^p  cfnuli^itSy  where  locomotive  power  cannot  be 
employed,  stationary  power  is  used,  the  trains  being  dragged 
up,  or  lowered,  by  j-opea  connected  with  a  suitable  mcchan' 
ism,  worked  by  stationary  power  placed  at  tlie  top  of  tlio 
plane.  The  inclined  planes,  with  stationary  powers,  gtner- 
■lly  receive  a  uuifonu  elope  throughout.  The  portion  of  the 
track  at  the  top  and  bottom  of  the  plane  sliuuld  be  level  for 
a  suthcicnt  dierance  back,  to  receive  the  ascending  or  descend- 
ing trains.  The  axes  of  the  level  portion  ehonld,  when  prac- 
ticable, be  in  the  same  vertical  plane  as  that  of  the  axis  of  the 
inclined  plane. 

^mull  rollers,  or  shccves,  arc  placed  at  snltable  distancea 
along  ilie  axis  of  the  inclined  plane,  upon  which  the  rope 
rests. 

AVithin  a  few  years  back  flexible  bands  of  rolled  hoop-iron 
have  been  substituted  for  ropcd  on  sonic  of  the  iucUned 
ptuucA  of  the  United  States,  and  have  been  found  to  work 
well,  presenting  more  dnrabiltty  and  being  less  espenaive 
tlian  rojies. 

On  very  steep  gradients  the  expedient  of  a  third  rail 
in  the  centre  of  tlie  track,  and  raised  rather  above  the  plane 
of  the  other  two  rails,  lias  been  used.  Two  !iori»>uta!  u-heeU 
undcriicaili  the  liK^otnoiive  run  liu  Uiis  rail,  and  may  be 
tightened  to  any  desirable  degree  of  compreasion  on  it.  In 
this  way  a  gradient  of  440  feet  per  mile  is  used  over  JIIoDt 
Cenis.  AVitliout  the  intermediate  rail  grades  as  steep  as  2S0, 
and  in  one  case  304  feet  per  mile,  have  been  ascended  by 
means  of  the  adhesive  power  of  the  locomotive  only.  But 
Buch  grades  will  never  be  sought ;  on  the  other  hand, 
they  will  be  avoided  when  poesible.  Grades  nf  50  and  t>C 
feet  to  the  mile  are  very  common.  The  maximum  gradj 
allowable  by  law  on  the  Central  Pacific  Railnpad  is  th) 
aame  as  that  of  the  Baltimore  and  Ohio  Bailroad,  viz.,  i  lit 
feet  per  mile. 

1^.  Tunnels.  The  choice  between  deep  cutting  and  ttm* 
nelling,  will  de}>end  npon  the  relatiro  cost  of  the  two,  and  \iie 
luTive  of  tho  ground.    When  the  cost  of  the  two  meihodi 
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would  bo  about  eqiiul,  and  the  slopes  of  the  deqj  cut  are  ool 
liiililo  to  Rli|f»,  )t  ia  uiiiially  rnrirc  advaiitagK>ii!^  t»  rc^rl  to 
dt.i>i>  cutting  tliau  to  tunuelliiip.  So  much,  liowever,  will  de- 
pend u|><ui  Iw^il  ciruuiiistaiiuL'*,  tliat  the  ct'nipnrative  luUan* 
ta^^cs  uf  (III!  two  tiii;tht.nlM  l-jui  onl^  be  devidud  upou  under- 
staiidiu^ly  when  the**;  arc  known. 

74S.  The  operations  in  Tuanelling  will  depend  upon  tha 
nature  of  the  soil.  The  work  is  coinEuencod  bv  setting  out,  in 
the  first  place,  with  great  accuracy*  upon  tlio  'surface  of  the 
gn>iiud,  the  profile  hue  contained  la  tlie  vertical  plane  of  the 
axis  of  tiie  tunnel.  At  suitable  intcn'aU  along  thi^  lino 
Torticul  pits,  termed  working  thafts,  are  ttunk  to  a  level  with 
the  tctp.or  crown  of  the  tnniicl.  The  shafts  and  excavations, 
which  form  the  entrnnceft  to  tlic  tUEimtl,  are  conne^^led,  when 
the  ftoil  will  admit  of  it,  by  a  small  excavation  termed  a 
h^iiding,  or  drifts  usually  five  or  six  feet  in  width,  and  seven 
or  eight  feet  in  hei<'ht,  which  is  made  along  the  crown  of 
the  tunnel.  After  ihc  drift  is  completed,  the  excavation  for 
the  tunnel  is  j^nidually  oulari^d;  the  excavated  eartli  is 
raised  thwugh  tlio  working  sliafta,  and  at  the  same  timo 
earned  out  at  the  ontU.  The  dinienaiouB  and  form  of  the  crotw 
bection  of  the  exwivatioii  will  depend  upDU  t!ie  uiituru  of 
the  M>il  and  the  object  of  the  tunnel  as  a  comniunicatjou, 
[it  solid  Mck  the  sides  of  the  excavation  are  usuallv  vertit^l; 
the  top  receives  an  arched  form ;  and  the  bottom  is borizontal. 
In  soils  which  require  to  he  sustained  by  an  arch,  tlio  oxi^vv 
tion  ehould  conform  as  nearly  aa  pmcticable  to  the  form  of 
enms  section  of  the  arch. 

In  tunnels  through  unstratitic<l  rocks,  tlie  sides  and  roof 
may  be  safely  left  uusiipi>orted;  but  in  stratiticd  rocks  there 
ia  danger  of  block*  becoming  detached  and  falling;  wherever 
this  is  to  be  appi-ehended,  the  top  of  the  tunnel  sliould  bo 
supportoi)  by  an  arch. 

funnelling;  iu  loose  eoilfl  ia  one  of  the  most  hazardotu 
operations  of  the  miner's  art,  requiring  the  greatest  precau- 
tions in  supporting  the  siiles  of  the  excavations  by  strong 
rough  framework,  covered  by  a  sheathing  of  boards,  to  Becure 
the  workniOD  frnni  danger.  "When  iu  such  ca&es  the  drift 
cannot  be  extended  throughout  the  Hue  of  the  tunnel,  the 
excavation  is  advanceil  only  a  few  feet  in  eacji  dircf;tit»n 
from  the  bottom  of  the  working  sliaftA,  and  is  gradually 
widened  and  depended  to  tlie  proper  form  and  dimensions  to 
receive  the  masonry  of  the  tunnel,  which  is  immediately 
commenced  below  each  working  shaft,  and  is  carried  forworc 
iu  both  direeltoi'S  towaris  the  two  cuds  of  the  tunuel. 
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TOO.  Masonry  of  Tunnels.    The  croas  section  of  the  arcJi 
af  a  tunnel  (Fig.  233)  la  usually  an  oval  segment,  formed  ol 
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arcB  of  circles  for  the  sides  and  top,  resting  on  an  inverted 
arch  at  bottom.  The  tuauekuu  aomo  of  the  recent  railways 
in  England  are  from  24  to  .30  feet  wide,  and  of  the  sanie 
height  from  the  level  of  the  rails  to  the  crown  of  the  arch. 
The  usual  tliickiicee  of  the  arch  is  eighteen  inches.  Brick 
laid  in  hvdraulic  cetnent  is  geuorally  used  for  the  masonry, 
ah  a'^kew-Wck  (»urse  of  stone  being;  placed  at  the  junction  of 
the  Aides  and  the  inverted  arch.  The  masonry  is  cuustructed 
in  sliort  lengths  of  about  twentj*  feet,  depending,  however, 
U|H)n  the  prouautiouft  necessary  to  sccura  the  sides  of  the  ex- 
cavation. As  the  sides  of  the  arch  are  carried  up,  the  fniiue- 
wurk  supporting  the  earth  beliind  U  gradually  removed,  aud 
the  8pai!0  l>etween  tlie  hack  of  the  masonry  and  the  hides  of 
the  excavation  is  filled  in  with  earth  well  rammed.  This 
operation  should  bo  carefully  attended  to  tlux>ughout  the 
whole  of  the  backing  of  the  arch,  bo  that  the  masonry  may 
not  be  exposed  to  the  effects  of  any  sudden  yielding  of  tho 
earth  aruuud  it. 

751,  The  earth  at  tlio  ends  of  the  tunnel  is  supported  by  a 
retaining  wall, usually  faced  with  stone.  These  walls,  termed 
the  J'ronfa  of  the  tunnel,  are  generally  finished  with  tlie 
usual  arohitoctiini!  cUwigns  for  gateways.  Tosecure  the  ends 
of  the  arch  from  tlie  pressm*  (M  the  earth  above  them,  cast- 
iron  plates  of  the  same  shape  and  depth  as  the  top  of  the 
areh,  are  inserted  within  the  mawury,  a  short  distance  froa 
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the  enda»  and  are  secured    by  wronght-irjn    rods   firmlj 
aiichored  to  the  masonry  at  BOtnc  distauce  from  each  end. 

152.  The  working  shafts,  which  are  generally  tnado  cylin 
drical  and  faced  with  brick,  i-est  np«n  etroiie  curlw  of  cast 
iron,  iiii«ertcd  into  tlie  niasotir}'  of  the  arch.    The  dlametor  of 
tlie  shaft  within  is  ordinarilv  iiino  feet. 

753.  Tlie  ordinary'  difficultie»  of  tunnellinc;  are  greatlv  in- 
creased b;-  the  presence  of  water  in  the  8i-»iT  through  wiielj 
tlie  work  is  drivmi.  Pumps,  or  other  snitiible  machinery  for 
raising  water,  placed  in  the  working  sliafts,  will  iu  aome 
cases  be  requisite  to  keep  them  and  the  drift  free  from  water 
until  an  ontlct  can  bo  obtained  for  it  at  tlie  ends,  by  a  drain 
along  tlie  bottom  of  the  drift  Sometimes,  when  tlio  water  is 
found  to  gain  upon  tlie  pumps  at  some  distance  above  the 
level  uf  the  crown  of  tlie  tunnel,  an  outlet  may  bo  obtainMl 
for  it  by  driving  alwve  the  tunnel  a  drift-way  t>etween  the 
shafts,  giving  it  a  suitable  slope  from  the  centre  to  the  two 
extremities  to  convev  the  water  off  rapidly. 

In  tunnels  for  railways,  a  drain  should  be  laid  under  the 
balastiji^'aUing  the  axis,  upon  the  inverted  arch  of  the  button). 

Tunnelling  in  i-ock  is  greatly  fa4;ilitatod  at  the  preeoifc 
day  bv  jw^wer-d rilling- machines,  which  are  driven  by  com- 
pressed air.  By  tliis  means  tlioy  are  able  to  advance  tliree 
times  as  fust  a*  by  hand  labitr.  The  compressed  air  greatly 
facilitates  ventilation.  The  Mout  Cenistnnuel  (nearly  i  miles 
long)  and  the  Hooaac  tunnel  (about  4  miles  long)  have  been 
driven  in  this  way,  and  the  St.  Godard  tunnel  (nearly  13  iniica 
loog)  is  now  in  process  of  construction  on  the  same  plan. 

754.  The  fuUowing  extracts  are  made  from  a  series  of 
papers,  published  in  the  London  Engineering^  from  Oct.  T, 
1870,  to  December  30, 1870,  giving  a  translation  of  a  work 
by  llaroii  vc>n  Weber,  Director  of  the  Statu  liailways  of  Sax- 
ony, with  running  a^mmot  ts  by  the  translator,  detailing  the 
experiments  made  by  the  author,  and  giving  his  deductions 
from  them,  on  the  Stalilil'j  of  the  PennaneiU   Watf. 

Baron  von  Weber  desired,  in  the  iirst  place,  to  ascertain 
what  wai  the  ■minimum  thidtuesa  which  would  be  given  to 
the  web  of  a  rail,  in  order  that  the  latter  might  stilTpoeeeiB 
a  greater  power  of  resistance  to  lateral  forces  than  the  fasten 
iugs  by  which  it  was  scoured  to  the  sleepers. 

755.  ReBistanoe  of  Rail  to  I^ateral  Foioes.  Fn>m  the 
axperiraents  the  result  was  deduced,  that  the  least  thickness 
ever  given  to  the  webe  of  rails  in  practice  is  more  tlmn  suf- 
ficient, and  tliat  if  it  were  possible  to  roll  wel*  }  in.  thick, 
ftnch  wobe  would  be  amply  strong,  if  it  were  not  that  then 
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would  be  a  chance  of  thoir  being  toni  ftt  the  iminta  where 
they  ai-e  traversed  by  the  fish-plate  bolts.  Baron  von  Webei 
concludes  that  webs  f  in.  or  i  in.  thick  are  amply  atroiig 
enough  for  niiU  of  any  ordinary  height,  and  that  in  fact  the 
webs  sliould  be  made  as  tliin  as  tJie  itrocesa  of  rolling,  and 
as  the  provisiimof  sufiicicnt  boaring  lor  the  lish-platc  bolta 
will  permit. 

156.  Stability  of  the  Permanent  Way.  The  stability  of 
a  [ifrinaiiuiit  way  strui'Liiru  in  alorigittidiiiul  dirt'ctlon,  is  txm- 
siaered  by  Baron  von  Weber  ad  dtjpendiug  npon  the  !»od- 
din^  of  ttie  aleeperd  in  the  ballast,  the  friction  of  the  rails  up- 
on the  sleepers,  the  strength  of  the  spikea  or  other  fastening, 
and,  laatlv,  upon  the  strength  of  the  eonnectiona  between  Uie 
ends  of  tKe  rails.  These  comiections  have,  in  the  first  place, 
to  keep  the  heads  of  the  rails  in  their  proper  position  with  re 
gard  ti.)  each  other ;  next,  to  give  to  the  juint  a  certain  aTuouDt 
ol  rigidity  ;  and  finally,  to  insure  that  tiie  horizontal  or  verti- 
cal deflections  of  the  two  rails  connected  take  pln(;e  together. 
Of  the  many  forma  of  connections  which  have  from  time  to 
ti'ue  been  proposed  for  rajla,  but  two  practically  fulfil  the  con- 
ditions just  mentioned,  these  two  being  the  joint  cliair  and 
the  fish-]oint,  in  their  various  modifications  and  forms. 

We  now  oorae  to  the  researches  made  by  Baron  von  Weber 
to  determine  the  power  ("f  permanent  way  structure*  to  resist 
forces  tending  t4>  dii^place  the  entire  system.  Baron  von 
Weber  states  that  as  the  speed  of  trains  was  increased  on  Ger- 
man railwayg,  there  was  noticed  a  peculiar  and  dangerous 
displacement  of  the  permanent  way^  this  displacement  taking 
place  chieily  where  trains  pass  from  straight  to  curved  por* 
tious  of  the  line,  or  from  curved  portions  to  level  and  straight 
lengths,  over  which  tlicy  passed  at  an  iuerca^d  speed.  It  waa 
hUo  ol>i«erved  that  the  displacements  at  the  first -mentioned 
pointj)— displacements  which  consisted  in  the  shifting  of  the 
line  towards  the  convex  side  of  the  curves — were  canned  priu- 
cii>ally  by  engines  hAviii<;  long  wheel  base^i  and  a  compara- 
tively light  load  on  the  leading  wheels  ;  while  the  displace- 
ment of  the  straight  {loitionA  of  the  lines  was  due  mainly  to 
the  action  of  powerful  engines  with  short  wheel  bases  and 
Donaiderable  overhang  on  each  end.  In  this  latter  case  the 
liuri/^Hitnl  oscillations  which  prrxluced  the  displacements  wp*^ 
almost  uln-ays  found  to  arise  from  the  effect  of  vertical  nn- 
pact  due  to  a  loose  joint  or  some  local  suttleinent  in  the  line, 
the  engine  being  thus  not  merely  canst'd  ti>  lurch  heavily  side- 
ways, bncbeiui^  also  made  too^illate  in  a  vertical  ptane^thuB 
alternately  relieving  aud  •ujreasiug  the  loads  ou  the  leading 
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and  ti'ailini^  lirheets.  Under  these  ciTciimBtances,  -whcTi  tht 
flait}^  of  tho  .cadiiig  wheel  struck  the  rail  talcrallv  at  the 
8a.ue  time  that  the  load  on  the  latter  was  decreased^  by  the 
momentari'  relief  of  tho  leading  wheel  frmn  a  portion  of  tho 
wcii^ht  it  uu^ht  to  carr}%  there  was  a  greater  dii>]>laccriient 
tliaii  thei*e  otherwise  woiiUl  have  been  owing  to  tne  diiniti- 
ished  friction  between  the  permanent  way  structure  and  ita 
foundation.  B4ith  tlie  ehisses  of  displacements  to  which  we 
have  referred  were  fonnd  to  bo  loss  in  iwrnianunt  wa^'  6t,nic- 
turee  posuessin^  cuoiiiderable  vertical  rigidity  than  in  thoao 
of  a  nioi-e  flexible  character. 

757.  Experiments  on  the  Power  of  Permanent  Way- 
structures  to  resist  Horizontal  Displa cements  of  the 
entire  System.  Tlitiie  exiierimenta  were  made  to  obtain 
angweni  to  tho  fire  fnlluwinj!;  qneations: — 

a.  What  is  the  resistance  offered  by  a  wcU-bedded  sleeper 
of  average  size  against  lateral  displacement  in  the  ballast? 

h.  AVliat  is  the  resistance  of  me  whole  etrncture  againat 
displacement  at  one  point,  and  what  is  the  intlnence  of  the 
balluBt  and  bedding,  on  and  in  whicb  the  struotiiro  restji,  upon 
this  resistance  t 

c.  How  far  does  the  filling  against  the  ouds  of  the  sleepcn 
increase  this  reslstani'el 

//.  To  what  extent  i»  the  i-esi&tance  ta  lateral  displacement 
increased  hv  the  load  on  the  Btrtictiiref 

f.  Haw  tar  does  the  application  of  piles  or  stones,  etc, 
etc,  increase  this  resistance) 

Tlie  deductions  Ut  be  made  from  the  experiments  referring 
to  questions  a  and  b,  Baron  von  Weber  cctiiBiders  to  bo 
aa  njUows:  lat.  The  resietauee  of  unloaded  well-beddud  per- 
manent wav-structurea  in  oomparotiveiy  iimall,  a  lateral 
prtseiire  of  ln)ru  3(»  to  50  oeiitnere  being  sufliuitf  it  to  bn-ak 
The  connection  between  tlio  sleeper  and  the  gnmnd.  This 
pressure  is  Ic^  than  that  which  would  be  exerted  by  the 
centrifugal  foroe  due  to  the  paasage  of  a  25  ton  locomo- 
tive through  a  curve  of  1,000  feet  radiua,  at  a  Kpoed  of  30 
miles  per  hour,  supposing  that  this  ucatrifu^al  force  was  not 
connteractod  by  superelevatiitn  of  tho  cxtenor  roil.  3d.  The 
nature  of  the  ballast  in  which  the  sleepers  of  anloaded  per- 
manent way -structured  are  bedded  has  no  imporlHut  intluenoo 
•>n  Uie  reeistauco  l^i  lateral  displacomunt  dd.  Tlio  prtH^uru 
recpitsite  for  pi-odiiciiig  the  hoHzt>ntJi1  displacement  or  tm  un- 
loaded gtructui'e  increases  until  this  displacement  has  rvai-hcd 
a  certain  amount,  giiiieially  between  12  and  IS  miilinietree 
(from  0A72  in.  to  U.708  'u.),  when  tho  f luther  dispLaoemont 
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np  to  BO  to  75  minimetrca  {2  in.  to  3  in.)  is  prodiued  without 
any  considerable  augmentation  in  the  pressure,  until  tinnlly 
a  fonsiileraWe  tenaion  is  set  np  in  the  different  parts  of  tho 
Btnicture. 

liaron  von  Webor's  concluaions  from  the  experiment*  re- 
ferrinij  tu  (pK*tion  c  are  b&  folli'ws:  Ist.  That  (lie  filliug 
of  liallaat  a^inst  the  ends  of  tJie  sleepers,  up  to  the  top 
Burface  of  tlie  latter,  has  an  inBignlticaiit  innucncc  npon 
the  resisting  power  of  the  Btructure  to  lateral  displacement, 
partirnlarly  ii  the  Btrnctnre  is  nnloaded,  and  if  a  one-sided 
tiltfuf;  is  poseible.  ^d.  That  if  the  ballast  is  not  filled  a^inat 
the  ends  of  the  Bleepcrs,  the  elasticity  ^f  the  rails  will  i)ring 
back  the  structure  mlu  \t»  original  ]>o«ition,  on  the  remuv^ 
of  the  pre&sure,  even  after  coUBidcrable  displaeement^  aa  in 
this  c-Bse  small  portions  of  ballast  cannot  tall  between  the 
end  of  the  sliifted  eleeper  and  the  nndisturbed  end  filling, 
as  is  the  case  when  the  practice  of  filling  up  agaiiist  the  enda 
is  followed. 

We  now  oonie  to  the  experimonta  made  hy  Baron  von 
Weber  to  obtain  an  answer  to  question  rf.  It  wa*,  of  conree, 
requisite,  in  order  that  a  proper  comparison  might  be  insti- 
tuted, that  tliese  experiments  should  he  (Hinduded  under  cir- 
cuiustances  as  nearly  as  poeeible  identii-al  with  \\\me  which 
existed  when  the  reeistauce  of  displacement  of  the  unloaded 
etruetiire  was  investigated;  end  in  selecting  ])ortianB  of  per- 
manent way  for  the  last-mentioned  experiments,  thei-oforc, 
Bueh  lengths  were  chosen  as  would  afford  space  for  tlio  experi- 
ments with  the  loaded  structure,  without  introducing  any 
variations  in  bedding,  tirmness  of  the  t>alla.st^  etc.,  etc. 

The  i-e»ults  of  seven  sets  of  trials  show  that  the  resistance 
cf  the  structure  to  lateral  displacement  wab  iniM-ea^fd  aimnst 
tenfold  by  the  load  of  twenty-fieven  tons ;  and  that  lateral 
pressures  whicli  produced  in  the  unload(-*d  stnicturc  displace- 
ments entirely  inadmisEible  in  practice,  did  not  a.iivvl  the 
loaded  stmcture  in  any  perceptible  degree.  Tlie  portion  of 
the  unloaded  stmcture  ehifteu  by  the  prct^  In  the  above  ox* 
perimentB  weighed  almost  exactly  2^  tons,  while  the  total  mass 
moved,  inclnding  the  tilling  against  the  ends  of  the  sleeperB, 
weighed  3  tons;  and  taking  tliis  into  consideraliuii.  it  appcaru-d 
as  if  tlie  resistance  to  displacement  varied  directly — us  indeed 
it  might  have  been  supposed  it  would  d(»— as  the  weight 
resting  on  the  ground. 

Baron  vou  Weber's  conclusion  with  regard  to  t'*'  • 

Uf  that  the  forco  required  to  produce  we  If 
ment  of  a  permanent  way-structoro  ia  dlret 
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to  the  weight  by  which  the  stnictnre  is  pressed  upon  the 

gTXtUlld. 

158.  Experiments  relating  to  Question  e.  In  con 
■idering  the  inliiience  of  piles  or  etakea  drivftii  into  the  ballast 
uainst  tko  eiidd  o£  the  sleepers  to  prevent  lateral  shifting  of 
the  latter,  Ban^n  von  Weber  remarks  that  the  resisting  ptncer 
of  Btttrh  pUe»  hfui  been  very  differently  '*  estimated  "  by  rail- 
way enmueers,  bat  that  a&  far  as  he  ie  aware  the  advantages 
or  Uiandvantagcd  attending  the  use  of  gaeh  piles  has  never 
been  ascertained  by  experiment.  Many  elements  evidently 
exercise  an  inAuence  on  the  lateral  displacement  of  pile? 
driven  vertically  int'i  the  ground,  and  exj^ierinients  made 
Tith  a  view  of  ascertaining  the  lateral  resistance  of  giiefa 
piles  can  only  show  in  a  very  general  manner  how  far  the  ad- 
vantages derived  from  their  nse  will  counterbalance  the 
extra  expense  they  invulve.  The  resiiita  obtained  by  experi- 
ment are  moreover  iiitble  ro  great  variations.  Thus,  a  pile 
driven  deeply  iut<i  solid,  loamy  soil,  offers  in  dry  weather 
grcmt  resistance  to  lateral  disptacetnentj  whereas  after  a 
Biiower  of  rain — not  strong  enough  to  soak  into  the  ground, 
but  capable  of  penetrating  the  narrow  crack  fonned  between 
the  pife  and  snrrounding  cailh  by  the  vibrations  cAuaed  by 
tlie  traffic — the  upper  end  of  the  pile  can  he  moved,  by  the 
application  of  a  commrativcly  einnll  force,  to  an  extent  suffi- 
cient to  nnider  it  useless  as  a  nwans  of  lateral  support  fur  the 
elceper.  Thus  Ilaron  von  Weber  has  found  that  pile*  whieii, 
in  dry  weather,  require  a  force  of  from  16  to  '20  cwt.  to  shift 
their  heads  laterally  through  a  distance  of  one  inch,  coald  bn 
mo\-etl  t43  the  same  extent  by  the  force  of  about  5  cwt.  after 
a  shower  of  rain  lasting  barely  one  hour. 

The  elements  by  which  the  lateral  stability  of  euch  piles  aa 
thoHo  we  are  now  considering  is  affected  are:  the  dintoetcr, 
lcnf»th,  and  section  of  the  pile,  the  description  of  wo*»d  of 
which  it  is  made,  and  the  nature  of  ground  into  which  it  is 
driven.  To  determine  the  influence  t)f  alt  thet*  elcTnentw  in 
their  various  combinations  a  very  exteutiive  series  of  experi- 
ments would  have  been  required,  and  Baroa  \-on  Weber 
therefore  confined  his  researches  to  ascertaining  the  maxi 
mum  resistance  of  such  stakes  as  are  used  on  the  Saxon 
state  railways,  availing  himself,  however,  u£  all  available 
ppp'ortuiiities  of  noticing  the  resistance  under  unfavorable 
cirtMiHijitanccs, 

The  principle  was  hud  down  that  a  displacement  of  the  top 
of  a  pile  to  tlio  extent  of  10  millimetres  (=0.30  in.)  should 
be  oousidered  as  inoouaistent  with  its  fortlier  uscfulueaa. 
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In  this  series  of  trials  fiie  preuare  acted  against  a  nnmber 
of  oak  sUkc^,  some  of  rouud  and  ikmie  of  square  section,  and 
varyiiij;  from  2  ft  11 J  in.  to  3  ft.  Hi  in.  long.  Tbe  ground 
was  aoVid  sand  or  mixed  gravel,  and  some  of  tho  stakos  had 
been  in  use  for  a  considerable  time,  while  otbera  were  driven 
expressly  for  tbe  experimenta.     The  results  showed  that  a 

Sreesure  of  from  3  vwt.  to  5  cwt  waa  quite  auffieient  to  pro- 
uce  the  h>t«ral  disphiwinent  of  10  milliraetrcB  (=0.89  in.) 
wbiUt  H  pressure  of  7  ('Wt.  abn<%t  forcuxl  the  stakes  out  of  tlie 
ground.  These  experiments  showed,  therefore,  that  in 
gn>und  of  tbta  kind  piles  dnven  a^inst  tlie  ends  of  the 
sleepers  could  nut  exercise  the  least  influotice  upoc  the 
stfthilitv  of  tJie  permanent  way-stmcture. 

In  dbe«e  trials  the  pressure  acted  against  a  pile  4  in.  in 
diameter  and  2  ft,  llj  in,  long,  driven  into  a  heavy  loamy 
ballast,  which  had  been  laid  down  about  ten  years  over  the 
broken-stone  l>e<ldiiig  of  an  old  line.  Tlte  results  which  we 
Rubioin  show  that  the  roiidting  i>ower  of  such  a  pile  would  be 
uf  but  little  use  for  increasing  the  lateral  stability  of  the 
Rtnictnre. 

Three  trials  were  made  on  a  pile  4  in.  square  and  4  ft 
1 1  in.  lung,  driven  into  the  same  gi-otind  as  the  pile  tested  in 
the  last  series  of  experiments. 

The  results  showed  that  the  length  and  section  of  the  pile 
exercise  an  importiint  influence  on  its  resistance  to  lateral 
pretjsure.  It  wub  found  in  thetrvbist  two  series  of  ex])eriment8 
that  when  the  displacement  of  tlie  piles  became  great,  the 
gronnd  behind  them  cracked  radially  and  rose  cousiderubly ; 
while,  when  the  cracks  reached  certain  dimcnaions,  it  was 
fonnd  tliat  no  increase  of  pressure  was  required  to  produoe 
a  further  displacement  of  the  piles. 

Huron  von  Weber's  conclusions,  drawn  from  the  experi- 
ments relating  to  question  e,  are  as  follows:  1st.  That  the 
resistance  uf  piles  driven  into  sandy  or  other  light  gronnd  is 
so  innlguificanl  that  the  use  of  snch  piles  under  such  circum- 
stances will  not  produce  an  increase4~l  stability  of  tbeetnicttire 
against  lateral  displacement;  Sd.  That  the  resistance  of  piles 
driven  into  heavy  svlid  ground  is  much  greater  than  thac  of 
piles  driven  into  sandy  ground ;  but  that  even  in  tbe  former 
cai^  tlie  piles  muat  he  driven  rather  closclv  if  they  are  to 
afford  any  efhcicnt  resistance  lo  small  Interaf  displacements 
of  the  permanent  wav-structure  ;  3d.  The  resistiiii;  jxjwer  of 
piles,  and  cfipecially  tlieir  resistance  to  small  displacements, 
increasing  with  their  length,  and  in  a  more  rapiu  ratio  than 
tbe  latter,  it  it>  coimiderod  tliat  no  piloe,  tu  produce  an  effect 
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ooRimetiBurate  witli  their  cost,  abonld  Lave  a  length  of  lev 
tlian  5  ft, ;  and  5th.  The  signs  of  c<>nBi(ierBbIe  displHceitieiite 
of  piles  mar,  under  certain  circnmstancefi,  aieappear  after 
the  r-auses  of  these  diapliiceraeiits  have  been  removed,  with- 
out, however,  the  piles  rngiiiiiing  thoir  foitner  stabilitv. 

759.  Experiments  to  determine  the  poTver  of  perma- 
nent way -structures  to  resist  the  loosening  of  the  railB 
fVom  the  aJeepeia.    It   is  remarked  by   Baron   von  Weber 
that  in  inveRtiirntlug  tlio  stability  uf  (ho  wmnectitm  between 
rails  and  sleepers,  it  bos  to  bo  iiome  in  mind  that  the  ro-^ 
sistrince  of  the  raiU  to  displacement  depends  upon  three' 
thiTigSj  viz. ',     First,  the  holding  power  of  the  faKteuinM.] 
(bolls,  spikes,  etc.,  etc.)  bv  wliich  tlie  rails  are  secured  to  thei 
eloepcra ;  second,  to  the  iiierwisod  friction  between  the  hasai 
of  tlie  rails  and  the  sleepei-s  which  is  caused  by  a  load  stand- 
ing on  the  rails  ;  and,  third,  by  tlie  friction  between  the  raila 
and  the  wheels,  this  friction  causing  the  axles  to  form  ties  be 
tweeii  (he  two  lines  of  rails  on  which  their  wheels  rest.     It 
will  thus  be  seen  that  the  gauce  of  a  line  of  rails  is  pre- 
Berved  not  merely  by  the  fastenings  secnring  the  rails  to  the 
sleepers,  but  also  by  either  forec8  of  considerable  importance 
acting  iKitli  on  the  top  and  boJtom  «if  the  milB. 

The  paHsaffe  of  the  rolling  stock  ie  considered  by  Baron 
von  Weber  to  prodnec  on  the  rails  the  following  effects: — 

1.  Under  all  cii-cumstanees  a  vertical  pressure  tending  to 
force  the  rails  into  the  sleej^ers,  the  latter  yielding  to  this 
force  in  all  crises  where  they  are  not  made  of  materials  of 
very  high  resisting  p^iwora,  such  ha  stone  or  iron.  Woi'iden 
sleepers  are  of  course  compressed  by  tlio  vertical  pressure  of 
the  trains,  and  one  p<.»int  to  be  determined,  therefore,  is — 

760.  (rt)   Tr^  what  extent  ara  #/f<y'f'r»  of' rarfuujt  Jrtrtw  and , 
materials  compressed  hy  the  loads  acting  on  the  mih  f 

2.  There  is  a  horizontal  pressure  resulting,  in  the  ease  of 
curves,  partly  fi-om  («ntrifugal  foree  and  jmrtly  fr»jm  the 
rigidity  of  the  rolling  stock,  and,  in  the  case  4if  straight  linea, 
from  the  uscillation  of  the  vehicles.  This  hi»riz<aital  pres- 
snre— which  may,  however,  rhange  into  a  pressure  acting  at 
a  more  or  less  acute  angle  to  the  surface  of  the  sleepers — 
tends  to  alter  tlie  [Htsition  of  the  rail  on  the  sleeper  lu  two 
wayfi,  hftiiiely :  firbt,  by  shifting  tho  rail  on  the  sleeper  with- 
out altering  the  inclination  of  the  former ;  and,  second,  by 
canting  the  rail  and  t*auBing  it  to  turn  on  a  point  situated 
more  or  leas  near  to  ils  ouUir  edge,  according  to  tlie  ctmi- 

Sressibility  of  the  Bleo^M-r.    The  first  of  these  two  kinds  of 
isplaccmfiut  is  resisted  by  tho  horizontal  resistance  of  tlia 
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Bpikes  or  other  fastoninga,  by  the  friction  between  the  wheel 
and  the  mil,  and  by  the  friction  between  the  base  of  the  rail 
aud  (he  sleeLier,  and  tlio  question  to  be  answered  br  the  ex- 
periments relating  to  this  kind  of  diBplacement,  therefore, 

'^-  if)  ^f^^  poncer  U  required  to  dtmiUux  a  fmUned 
and  loadfd  rail  /utri^ontallt/  on  its  glaspers  f 

The  Beeoud  kind  of  diBpIacemeut  juiit  mentioned,  or  cant- 
ing of  the  rails  outwards,  ia  resisted  by  the  direct  hciMiujr 
power  of  the  fasteninga  connecting  the  rail  to  the  8l<!C)>er, 
and  by  the  friction  between  the  wheel  and  rail.  The  quea* 
tiona  to  be  answered  by  the  iiivc« ligations  relating  to  thiii 
matter,  therefore,  are — 

{g)  WfuU  forca  is  required  to  draw  the  »jpikes  out  ofths 
sleeper*  f  and 

(A)  WAat  forre  is  regxiired  to  overc&ms  the  ofimftinad  n*- 
SMtanoe  due  to  the  htMing  powiv  of  the  »pike/i  in  the  sUep' 
erty  and  th^  friction  between  the  railt  and  wfiedst 

Tlie  following  scte  of  experiments  wore  carried  ont  by 
Baron  vf»n  Weber,  in  order  to  obtAin  answei-s  to  the  above 
qneationa : — 

Tlie  most  striking  result  obtained  is  the  deterioration  of 
the  sleenere  under  the  influence  of  the  tniiric  at  the  pointa 
where  tlie  rails  rest  upon  tliem.  Thns  it  will  be  seen  timt 
in  the  case  of  the  fir  sleepers  the  average  compressions  under 
the  loa^l,  at  the  unnsed  aud  old  bearing  snrfncoa  respectively, 
were  5.3  and  9.7  mils, ;  while  the  avej-aje  permanent  com- 
pressioiie  were  1.1  and  S.G  mils.,  the  fatter  i-csults  being 
about  double  the  former. 

Another  remarkable  result  is  the  actual  amount  of  the 
compression,  this  amount  averaging  as  much  a^  5.3  millime- 
tres [=  0.20S  in.)  for  new  and  sound  fir  sleepors,  and  t).7  mil- 
limetres (=0.38SJ  in.)  for  fir  sleepere  averaging  five  ycareold. 
Baron  von  Weber  consldere  that  these  resuUs  point  to  the 
necessity  of  employing  rigid  rails,  so  as  to  distribute  the 
effects  of  the  pressure  of  the  rolling  stock  as  far  as  possible 
over  a  number  of  8up].»i.irt»,  and  tliat  they  also  sliow  the  ad- 
vantage of  employing  sleepers  of  hard  timber. 

The  reaulu  of  tlie  first  group  of  experiments  relating  to 
qnestinn  (c)  Onron  von  Weber  summarizes  as  follows: — - 

1.  Tlhit  sound  fir  sleepers  140  niiUimetres  (=5.5  in.)  thick 
aud  200  milUmctres  (=7.87  in.)  wide  are  compressed,  on  an 
average,  one  milUuietre  (0.039  in.)  by  a  loatl  uf  5.6  kilogram- 
mee  ]>er  squaro  centimetre  (=79.(i  lb.  per  square  inch),  it 
teing  8»pp.)eed  that  they  have  not  before  been  Bnbjected  to 
SO 
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»iicb  a  load.  At  plaoee  wbere  rails  liave  alreadjr  be«n  bear 
iiig  u|H>n  the  sUopere  for  some  time,  tliis  contpreeuon  is  Uv- 
crcaacd  to  one  inilUinetrc  for  uaub  load  uf  4  kUiigrammea 
per  wniare  centimetre  (=56.88  lb.  per  square  inch). 

2.  Thu  action  of  the  trains  increases  eon«iderably  the  coip 
prc^iliilit}-  of  the  sleeporB  at  the  poiiiU  wbcro  the  raJla  bear 
upon  tbciu. 

3.  T!m(  tlio  (!«iinprc6siliility  of  wooden  slcopors — and  cspo- 
cially  of  fir  sleepers — is  so  great,  that  it  is  necessary  to  dis- 
tribute the  prciisiire  of  the  trains  upon  the  sleepers  as  fax  as 
possible  \)\  the  employment  uf  rigid  rails. 

4.  That  in<:rea8ing  tlie  number  uf  sleepers  in  order  to  in< 
crease  the  earryiiig  jxiwor  of  a  pennancnt  way,  is,  theore- 
tically anrl  cconouiieally,  a  wrong  mode  of  ohuiining  that 
«nd. ' 

5.  That  in  the  event  of  lateral  pressure  liein^  bruagfat  to 
bear  a^iiist  the  liead  of  the  rail,  tlie  repistiiig  jM>wcr  uf  fir 
aleepcra  is  not  sufliciently  great  to  prevent  a  canting  of  the 
rail  cunscqticiit  upon  the  impression  of  one  side  of  the  base 
into  the  sleeper.  Ileuce  momentary  alterations  in  the  gatise 
are  allowed,  these  alterations  disappearing,  however,  on  tSa 
removal  of  the  lateral  pressure,  and  leaving  uo  tracee  od  the 
spikoA,  sleepers,  or  rails. 

6.  The  coinpi-esi^ion  of  fir  sleepers  under  the  bases  of  the 
jails  is  so  great  that  the  celUtlar  stnieture  of  the  wood  is 
slowly  destroyed,  and  a  otitting  or  indentation  of  the  sleepeis 
at  the  points  of  bearing  takca  plaee,  this  action  being  auoele- 
rated  when  the  upper  Hbres  or  the  wood  have  been  more  or 
leas  deprived  of  their  elasticity  by  the  action  of  the  weather. 

The  above  conelnsiuiis  are  justified  by  I3aron  voi\  "Weliei-'a 
further  inveetigjitionB. 

Barou  von  ^Vebor's  dcduutious  from  the  second  group  of 
experiments  relating  to  question  (t*)  are  as  fi>llu\vs: — 

1.  When  the  influence  of  the  rigidity  of  tlie  rail,  etc.,  upon 
Uie  transfereuee  of  the  pre«sure  of  the  rolling  hmd  to  the 
sleeper  is  taken  into  auonunt,  it  may  Vm  considered  that  the 
com]ii-es.4ion  of  tlie  sleeper  itself  takes  place  in  the  same 
mauticr  under  the  action  of  either  a  steadily  applied  or  a  roll- 
uig  I<  tad. 

2.  Tbat  the  sinkiuif  of  well-berlded  sleepers  into  the  ^rouDd 
on  which  they  rest  is  projxJitionaiely  insij^nificaut  even  under 
the  action  of  considerable  nulling  i>tock. 

3.  That  if  the  base  of  the  rail  has  a  bearitig  surfatw  of  330 
•quare  centimetres  (=  33j  square  inehen)  upon  a  sound  fii 
■loeper  between  f  jur  aud  sJ£  years  old,  and  140  uiillimetrei 
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(=  5.5  inchee)  thiok,  a  load  of  l,5(iO  kilograraniea  applied 
through  the  rail  will  compi-e^s  tlie  elee^Ser  one  millimetre. 
Or,  iu  other  words,  a  load  of  at>out  7  kilor^rammcs  per  etpiare 
centimetre  (=  99.54  lb.  per  square  iiiciij  will  pnHluce  ttie 
eomprcsgiun  just  mentioued  on  thf»ee  parte  of  the  eleejierB 
whii-h  have  ifrcady  been  freqneutly  exposed  to  that  during  a 
considerable  time. 

Although  the  f>6Hes  of  ex))eriraenrs  we  hnve  jii<tt  dee^t-nbed 
are  not  extensive,  Baron  ron  Weber  considers  that  the  f<jlIow- 
ing  deductions  may  be  dran'n  from  them :  1st.  That  tlie  re- 
sietance  of  the  epikes  to  the  horizontal  displacement  of  the 
raiU  upon  the  sleepers  is  proportionately  so  insijjnificant  that 
most  of  the  movementa  of  the  rolling  stock  wliich  wonid  be 
capable  of  pn*dncing  a  di-'^placcment  uf  the  rails  on  the 
Bleepers  would  suffice  to  overcome  this  reustauce ;  and,  2d. 
That  the  power  of  resistance  of  the  spikes  to  horizontal  dis- 
placement decreases,  after  that  diitplacenient  has  once  bej^iiu, 
in  a  more  rapid  ratio  than  the  di(«placeinent  itself  increases; 
and  bence  that  the  continued  action  of  the  rolling  stock  vrWi 
prodaec  generally  greater  displacements  than  a  sudden  and 
great  jirctsnre  or  force, 

762.  HerrPunk'a  Experiments  on  the  Realsilng  Pow^er 
of  Railwray  Spikes.  The  cxperiruents  mftdc  by  Ilerr  Funk 
on  ihe  holding  jxiwor  (tf  railway  spikes  constitute,  as  we  re- 
marked, one  of  the  most  imj>orlant  investigations  of  tlic  kind 
ever  carried  out,  the  expei-iments  being  directed,  not  merely  to 
BScortaiiiing  the  power  of  the  spikes  to  resist  a  force  tentfing 
to  dmw  them  straight  out  of  the  timber,  hut  also  to  deler- 
mining  tlicir  resistance  to  lateral  displacement.  The  eftect  of 
n»xlihcatious  in  Ihe  forms  of  the  spikes,  and  variations  in  tJic 
nature  of  the  timber  into  which  they  were  driven  were  also 
taken  into  consideration. 

The  resisting  power  of  railway  spikes  depends  chiefly — 

1.  Upon  the  kind  of  timber  of  w-liich  tlie  sleeper  is  formed, 
and  ibe  condition  of  the  latter. 

3.  Upon  the  shape  and  dimensions  of  the  spikes. 

3.  Upon  the  mode  of  driving  ihcra  into  the  sleepers. 

The  following  results  ai-o  derived  fn»m  the  aUove  investi- 
gations, and  from  former  experience  gained  in  Ihe  c-onstruo- 
tion  and  maintenance  of  permanent  wav-striicturcs : — 

1.  Sleepers  made  of  oat:  are  prefcrafjle  to  those  made  of 
fir  and  deal,  not  only  on  account  of  their  greater  durability, 
but  also  on  account  of  the  greater  resisting  power  which  they 

fire  to  the  spikes.     Although  experiem:e  iias  not  yet  suf- 
cfeutly  proved  the  proportionate  durability  of  prepared  ttak, 
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fir.  and  pine  sloeperft,  it  is,  nevertbeleai,  advisable  to  nse 
oak  elei'pen,  even  in  cases  where  the  prices  for  the  oak 
are  li  or  1)  times  as  lii^  as  those  for  the  softer  kitxU  u( 
wood 

5.  Joint  sleepera,  where  a  great  rasisdng  power  of  the 
spikes  is  especiaUj  neceasur,  oaght  to  be  made  of  oat,  even 
in  those  cases  where  that  timber  costs  about  2  or  21  Hmoe  as 
much  as  fir  or  pino.  If  the  diiTerence  of  the  pritx^  how- 
ever, ia  still  f^'ester,  the  joint  sleepers  of  fir  oiu;ht  tu  be 
made  htrger,  in  order  to  enable  a  greater  rcsiBtiiiff  power 
to  be  obuined  for  the  spikes  by  giving  the  latter  aaditioii&t 
len^h. 

3.  If  the  iotermediate  sleepers  are  made  of  fir,  one  or  twx> 
of  these  sleepers — according  tn  wlicther  15  nr  21  ft.  rail? 
are  nsed^-onght  to  have  two  spikes  on  the  ont^ide  of  the  rail 
bsae,  or  gmallbed  plates,  3  or  4  inches  wide,  slioald  be  adopted , 
in  order  to  increase  the  resisting  power  of  the  stakes  s^ainst 
Lueral  pressure,  and  eepeciallr  to  bring  the  iiisiae  spike  also 
into  action.  The  number  of  these  outride  spikes  or  uedplatce 
OQgfat  to  be  increased  in  curves  of  small  radii  on  the  outer 
line  of  rails,  or  ooght  to  be  provided  with  a  bedplate  with 
two  IhiIcs. 

4.  The  imprecation  of  tlio  sleepere  with  chloride  of  zinu 
does  not  inflnenee  the  resisting  power  of  the  spikea,  bnt  ttita 
power  seems  to  be  a  little  less  for  newly  prepared  sleepers 
which  are  still  completely  satiirated  with  wnter. 

6.  The  1>eMied  epikea  possess  the  smallest  resisting  power, 
this  power  beiDfr  only  0.7  or  0.9  of  that  for  prismaUc  iplk« 
of  tlie  game  weight 

6.  No  favorable  resalt  is  obtained  bv  twisting  the  spikes 
bjr  jagein^  (heir  edges. 

T.  The  reaiating  power  of  double  pyramidal  spikes  nf  short 
length  is  for  deal  about  ^  greater  tliaii  tliat  of  straight  pria- 
matic  spikes  of  the  same  weight:  this  advantage  docs  not 
exist,  however,  in  the  cam  of  spikes  of  greater  length,  dot 
when  the  spikes  are  driven  into  oak. 

8.  The  simple  pyramidal  spikes  and  the  prismatic  spikes^  if 
both  are  driven  etjually  deep  into  the  wood,  oflFer  the  same  r%?- 
sisring  i»ower  agaiiwt  being  drawn  oat  of  the  timl«r,  whilst, 
if  the  same  volume  of  both  is  driven  into  the  wcxxi.  ih 
holding  power  of  the  former  is  for  oak  and  for  long  spikoa* 
about  ^,  and  for  deal  and  for  shorter  spikes  altoni  ^ 
greater  than  the  resisting  power  of  prismatic  spikes.  But 
withresfiect  to  the  reslsiuig  power  against  lateral  disp 
menis  within  the  limits  important  for  permanent  way 
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tiiree,  the  prUinatio  spikes  are  in  a  siiaiUr  proportion  atroager 
Uiau  pvramidal  spikes. 

9.  The  pymiiiitlHl  sptkee  costing  about  20  per  cent,  more 
thfiu  prismatiu  spikea  of  tho  eamo  weight,  the  advanrage  of 
tJio  smaller  volmnc  of  inm  driven  into  the  wood  for  the  ne- 
<;otftarv  depth  of  5  or  i*  inches  (found  by  exiw?i-lcnee  to  be  a 
fiufticient  depth  for  the  spiking  of  rails),  is  completely  com- 
peusated :  tlie  prismatic  gpikeB  are,  therefore,  preferable  to 
pyroiuidal  Bpikoa,  as  tho  former,  beaideg  tiieirgreater  renigting 
power  8j<aiiist  lateral  pressure,  liave  not  the  great  dieadvaii- 
ta^  of  the  latter  BpiKcs  of  becoming,  when  once  loosened, 
BOOH  entirely  [<owerU'i!*. 

763.  Baron  von  Weber's  Hxpeiiments  on  the  Re- 
sisting^ Power  of  Spikes.  The  exi^nrinienta  above  de- 
Bcribe<l  being  of  a  very  satisfactory  kind,  Hanm  voii  AV'eber'a 
researebes  were  conducted  so  aa  to  deal  with  queetiona  to 
wliich  Hcrr  Fuiik'a  experiments  did  not  relate,  and  they 
were  es]>ocialty  carried  out  for  tlie  purpose  uf  aecertaiiiiug 
the  influence  of  the  pressure  of  the  wheeU  against  the 
rails  ti[K)n  the  resi^tiug  power  of  the  spikes. 

The  average  results  deduced  by  Uai-on  von  Weber,  from  the 
exi)eriment8  we  have  recorded,  are  that,  in  the  case  of  tJie  fir 
slec^Kre,  a  force  of  about  1,850  lbs.,  and  in  the  case  of  oak 
sleeiwi-s.  a  force  of  about  3,00*J  lbs.  was  required  for  drawing 
the  spikes.  As  tlie  latter  had  73  square  <-«titi  metres,  or  11.3 
square  luchea,  of  surface  in  contact  with  the  timbers,  the 
forces  required  for  drawing  the  spikea  were : 
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In  fir  sleepere 163.2 

In  oak  sleepers 269.6 


These  values  for  tiie  holding  power  are  much  less  than  those 
found  by  wa  Kaven  and  Funk,  aud  there  ts  also  somewhat 
let*  difference  between  the  respective  holding  powers  in  fir 
and  oak  than  was  shown  by  tlie  researches  of  those  es|>eri- 
mentcre.  Baron  von  Weber,  however,  considers — and  weagree 
with  liini — that  the  difference  between  vou  Kaven  and  Funk'g 
results  and  his  own  are  fully  accounted  for  by  the  fact  that 
in  tlie  latter  experiments  tho  spikes  were  not  merely  subjected 
to  a  pull  in  the  direction  of  their  &xc&,  but  were  exj>o9ed  also 
Ui  lateral  pressure,  the  pnU  being  exerted  on  tha  underside  oi 
the  nose  or  head.  Baron  von  W  eber  considers  also  that.,  from 
iho  fibres  of  oak  liaving  less  flexibility  than  thoH*-  of  fir,  thii 
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lateral  preaeiire  would  produce  greater  locwenitig  of  th«  spikei 
III  tlio  former  than  in  tlie latter  titul)cr,and  heiiue  tlieru  woulf] 
he  le&s  difference  hi  tJie  holding  pv>wer  of  the  eplkeft  in  the 
two  kiuda  uf  sleepors,  than  was  shown  by  the  researches  of 
former  experimenters,  who  ajinlied  a  direct  pnll  to  t!)e  Bpik«ft. 
This  tact  ehowa,  aa  is  remarked  by  Baron  von  Wehor,  that 
resiiltd  of  direct  practical  value  can  only  be  obtained  by  ex- 
perimenta  earned  out  under  the  circiimstanecti  which  exist  in 
actual  practice,  and  he  conaidore,  for  tliis  reaaun,  tliat  the 
values  lor  the  holding  power  of  spikes  deduced  from  hia  re- 
flettrehcs  are  more  rchable  for  practical  iific  than  those  ob- 
tained fi-oia  previous  e:cperimentd. 

784.  Experiments  on  the  efffecta  of  Bedplates.  After 
the  preceding  tixperimiMits  Imd  bw-ii  C!irrit;d  out,  it  bt>i:ftme  de- 
airable,  in  order  to  complete  the  inquiries  relating  to  the  in- 
fluence of  the  means  iianally  adopted  for  effecting  the  cou- 
noction  between  the  rails  and  sleepers^  that  some  experiments 
diouM  be  made  to  ascertain  the  effect  of  interpoemg  rollod 
iron  bedplates  betwi>cu  the  sleepers  and  rails.  Such  l>ed- 
platcs  ai-e  (generally  supposed  to  serve  throe  pu'rjioses.  Thae, 
hrst,  they  render  the  spikes  driven  into  tlie  sleepers  on  botli 
sides  of  the  rail  depenuent  on  each  other,  it  beln^  impossible 
for  one  to  be  displaced  without  the  other  being  displaced 
also;  and  thus  it  might  be  expected  d  priori  that  tlio  n«i6t- 
ance  of  tlic  spikes  to  lateral  displacement  would  be  doubled. 
Second,  the  plates  prevent  the  impression  of  the  edge  of  the- 
rail  into  the  sleeper,  an  action  which  is  often  the  reasoti  for 
the  rail  canting:  and,  tlilrd,  they  practically  increa&e  tlie 
bearing  surface  uf  the  base  of  the  rail  n|>on  tlie  Bli.H>|)er. 

In  this  series  «>i  trials,  two  pie<««  of  mils  were  fastened,  at 
the  usual  gauge  apart,  upon  three  tir  slcepeiiB,  and  between 
the  rails  and  Hie  central  sleepoi's  were  placed  bedplates  of  the 
Fit  aw.  vm.-m.  almpe  shown  in  Fig*.  234  and  235.  Tha 
spikes  fitted  the  holes  iu  the  plate  well,  and 
at  the  same  time  pressed  firmly  against 
the  bases  of  the  rail».  The  plates  wore 
arranged  iu  such  a  manner  that  the  side  of- 
one  hole  was  placed  towards  the  inside  of 
the  rails,  and  thepress  acted  against  the 
heada  of  the  rails  directly  above  the 
plates. 

The  effect  of  the  plates  in  tlie  aliove  exjieriment  was  very 
clear,  and  they  evidently  increased  the  resistance  of  the  spikei 
to  lateral  displacement  until  the  latter  has  been  drawn  out  of 
»hu  timber.     In  fact,  the  pressure  required  to  loosen  the 
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itmcttire  was  more  than  double  that  neceasary  in  tbe  case  of 
the  strnctitre  williutit  plates. 

In  ttiie  uase,  tbu  raili^  were  fixed  upon  two  sleepers,  bed- 
plates beinjf  iuteqioaed  between  tho  former  and  the  latter, 
and  the  prc^  bciii^  placed  so  as  to  act  n|Kin  the  Iieadn  uf  the 
rails  uiidway  between  the  two  sleepers. 

The  prevention  of  the  lateral  displauement  of  the  rails  re* 
saltinp  from  the  use  of  plate**,  was  in  the  above  instance  the 
can&o  of  a  greater  stabihtv  of  the  heads  of  the  rails,  but  it  at 
the  same  time  had  the  effect  of  eausiiig  the  more  rigid  stnic- 
tore  to  become  loopened  with  a  less  widonini^  of  the  ganp) 
and  a  lees  proMuro  than  was  the  ease  with  the  more  elastic 
structure  without  plates.  But  the  deferred  looecnlng  of  tho 
structure  without  plates  was  practically  of  no  value,  for  be- 
fore the  loosening  Uxik  place  tho  gauge  had  been  widened  to 
such  an  extent  that  the  line  would  have  been  nntit  for  use. 

In  these  trials  the  rails  were  fastened  upon  four  siceiwre  with 
bedplate^),  and  tho  press  acted  against  tbe  heads  of  the  raili 
in  the  middle  between  the  central  sleepers. 

The  looseninfr  of  the  structure  with  plates  took  ])laoe  at 
a  smaller  widening  of  the  gauge,  but  at  a  much  greater  pre»- 
Bure  tlian  that  of  the  structure  without  plates;  and  tlie  resist- 
ance of  the  strnctnre  was  in  fact  increased  by  tbe  use  of  the 
bedplates  more  than  60  per  cent. 

In  this  series  the  rails  were  fastened  down  to  five  sleepers, 
bedplates  being  interposed,  but  two  arrangements  of  the 
plates  were  tested.  In  tho  liret  case,  all  the  bedplates  were 
arranged  in  ibo  same  roannor  m  in  the  prcvioas  cxpcrimcntB, 
tliat  IB,  with  the  side  traversed  by  one  spike  placed  inside ; 
but  in  the  second  case,  tbe  plates  on  the  three  central  glcepora 
were  turned  m  that  tlie  side  having  two  spikes  was  next  the 
centre  of  tho  line.  Thus  six  extra  spikes  were  made  to  act 
against  the  canting  of  the  rails,  whilst  the  total  number  of 
spikes  securing  tbe  rails  to  the  sleepers  remained  tbe  same. 
Tlie  second  arrangement  was  tested  for  tlie  pnrpose  of  ascer> 
taining  the  most  advantageoas  method  of  placing  the  plates 
to  secure  stability  of  the  structure. 

The  above  exjHjrimeuts showed  t^at  the  stability  of  tbe  struc- 
ture was  practically  the  same  for  both  positions  of  tho  plates, 
np  to  a  pressure  of  80  centners  (=  9,075  lbs.).  The  spikes 
in  the  noi-mal  arrangements  then  became  loose,  while  the  other 
arrangement  ^rith  two  spikes  inside  the  rails  on  each  of  tlia 
three  central  sleepers  allowed  a  further  widening  of  tie 
gange  op  to  38  muliroetrcs  (=?1.4dG  in.)  before  the  resisting 
power  of  the  festening  ceased.    The  second  arrangement  t^ 
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the  plates  tJius  oflFered  a  greater  n;.sistanuo  to  the  dcstmctU-n  ol 
the  ftnictiiro  than  tbfkt  in  which  single  spikes  were  placed  in- 
side the  raiU. 

^e5.  The  general  deductions  drawn  by  Baron  tod  "Webei 
fmin  all  the  experiments  relating  to  question  (t/),  namoljr, 
What  force  m  required  to  draw  the  epikea  out  of  the  aleipera  f 
are  as  follows : — 

1.  That  the  force,  in  pounds,  required  to  draw  ont  of  tim- 
ber rail-epikes  of  the  naual  furiu- — tliat  is  to  saj,  sqnare  pria- 
nmtiu  epikfs  with  chisel  points — ih  to  be  fuimd,  \i  tlie  strain 
hete  dire<;lly  in  the  direction  of  the  axis  of  the  spike,  by  mul- 
tiplying the  area  of  the  aarface  of  the  spike  iu  eontaut  with 
the  timber  by  the  following  numbers: — 

For  fir,    800  Ibe.  \   \  per  Hiiuue  inch  of  aurf*oa  of  Uie  driren  poitlaa  of  ^ 
"  o«k.  000  '■    N     th«  Kpik*. 

"  £Lr,       47    "   {  jperaqaoro  oentiiaetire  of  Bariaoeof  tbednrea  portioa 
*■  oftic,    94    •'   n      oftliaaptke. 

If,  however,  the  forue  acta  latcruUy  aa  well  as  in  the  direc- 
tion of  tJie  axis,  as  is  generally  the  case  in  practice,  the  mol- 
tipliers  become  as  follows: — 


Pot  fir,    ISO  Vam. 
"  D«k,  870    " 
"  tr.       25    *' 
"  ode,     4^    " 


per  square  inoh  of  botCmm  of  the  ddven  portion  of  tb« 
■pik«L 

p«r  nqaare  ooatimotre  of  mufaoe  of  the  driren  por- 
tioa of  the  Bplke* 


S.  That  spikes  driren  into  a  sleeper  for  the  second  time 
after  the  holos  in  tlio  timber  have  been  filled  up,  offer  at 
ftrst  greater  reaistauce  than  spikes  driven  into  new  slccpera. 

3.  That  but  very  siuall  forces  are  required  u*  proouce  a 
widening  of  the  gauge  to  the  extent  of  6  or  10  milliiiiutres 
(0,23f>  ill.  or  0.394  hi.)  at?  such  aiiioiints  of  M-idening  aiv  with- 
in the  limits  of  elasticity  of  the  structure,  and  require  no 
looacningsof  the  fastenings. 

4.  That  a  lateral  pressui-o  of  80  c-entiiers  (=  9,075  Uh%)  at 
ttie  most^  acting  against  one  point  of  tlie  head  of  the  mils,  ia 
sufUeieut  to  produce  either  a  canting  or  lateral  diaplaccriient 
of  ttie  rails  to  siiuli  an  extent  that  (he  structure  at  this  pmnt 
is  cotnplctely  and  permanently  loosened. 

5.  That  the  force  required  for  the  furtlicr  spreading  and 
final  d(»tructi'>ii  of  the  structure  is  much  lees  tliuu  tliat  ueoea- 
sary  for  the  ftiiit  loosening,  the  fonuer  being  seldom  more 
than  75  per  cent  of  the  latter. 

6.  That  the  resistance  of  the  structure  to  a  pressure  ncliiig 
Bgninst  one  point  of  the  head  of  a  rail  dues  not  inoreaae  io 
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lirect  pioportion  to  the  number  of  steopera  to  which  the  i-aJI 
is  faeteued,  but  that  the  elosticit)'  of  the  rail  and  couscqueut 
torfiion  nortnits  tho  fastenings  ujKin  the  several  sleepers  to  be 
lix>6endd  sncceBifiively.  The  reaistance  of  the  rails  to  torsional 
Btraiiis  ina^,  however,  enable  the  fastenings  at  any  uue  point 
toret-eive  surh  stipjK'rt  f rum  the  adjoining  faRteniiigs  that  the 
resit^taiice  to  canting  at  that  jKtInt  niay  be  doubled. 

7.  That  if  the  elasticity  of  the  rails  is  very  great,  a  widen 
ing  of  the  gauge  to  the  extent  of  25  millinietresi  (=0.984  in.) 
may  be  pnKhiced  without  remaining  permanent  or  without 
■boMring  signs  of  having  occurred  after  the  pressure  lias  been 
remoTfS.  This  is  more  likely  to  ImppoD  if  tho  widening  of 
the  gauge  is  produced  by  the  canting  uf  the  rails  thiui  if  it  is 
due  to  their  lateral  displacement  on  tiic  Eleepere;  ui  the  latter 
case  the  displacement  of  the  faiitenin<p)  would  bo  viaiblo, 
whilst  in  the  former  a  sliglit  i-alsiiig  of  Uie  sptkea  in  the  di- 
rection of  their  axis  would  only  be  observed  tiuder  very 
favorable  circuiustancee. 

8.  That  in  the  i^aae  of  stniuturee  having  tlie  joiuts  of  the 
two  lines  of  rails  arranged  opposite  each  other  or  the  same 
sleeper,  the  points  on  which  the  joints  occur  offer  considera- 
blv  less  resistnuct!  to  a  widening  (if  the  gauge  than  is  the  case 
when  the  mils  are  dis|>used  sii  as  to  break  juint,  tho  propor- 
tionate resisting  ]>owors  in  the  two  cases  being  aXiOvit  as  7 
to  10.  Tims  a  permanent  way,  having  tho  joints  of  tlie  two 
lines  of  raits  opposite  eacit  other,  has  as  many  points  as  there 
are  joints,  at  whicli  the  lateral  etability  or  puwer  to  resist 
widening  of  the  gauge,  is  but  iV  oi  that  at  the  jouits 
of  the  structure  Imving  tbu  niile>  disiMJhed  so  as  to  break  joint. 
This  is  of  importance  witli  respect  to  accidents  originating 
from  the  widening  of  the  gauge. 

9.  That  the  application  of  bedplates  between  the  rails  and 
sleepers  increases — under  otherwise  e<tual  circumstances— the 
power  of  resiatauce  of  the  structure  to  lateral  dlBplaceniont 
of  the  rails ;  but  tliat  the  looaeuiug  of  the  fasteumgs  takes 
place  with  a  smaller  displacing  movement. 

We  now  come  to  the  experiments  relating  to  question  (/*), 
namely:  "What  force  is  required  to  oven^ome  llie  total  i-e- 
Bislance  due  to  the  combination  of  the  holding  power  of  the 
Bpikes  in  the  sleepers  and  the  friction  between  the  rails  and 
wheels  t 

The  trials  just  recorded  are,  as  Baron  von  Weber  ;iu6tly 
obeervee,  very  instructive,  for  they  prove  that  the  fncU(H) 
between  the  rails  and  the  sleeijers.^j/tt*  the  resistance  of  th« 
outside  spikce,  is  sufficient  to  keep  the  rails  in  their  places,  even 
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wiien  tJie  pressure  agatn«t  the  heaiA  is  such  as  eo  i.aii^  the 
canting  of  the  rails  to  an  extent  Bufliciout  to  render  tijc  lino 
QDlit  ^jr  trafHc.  Tlie  cxpcrimcnta  also  show  that  tho  insidu 
Rpikw  afford  proportionately  little  resistance^  and  that  they 
represent  tlie  weakest  points  of  the  structure.  In  fact,  tiie 
fastened  ami  loaded  raiU  -itinwed,  under  the  influence  of  the 
aame  dit^plat^ing  jtovrer,  displacements  which  were  cei'tnttily 
not  less  than  those  obtained  in  the  case  of  the  stractare  ir 
which  the  itiiside  spikes  had  been  kK«eiied. 

Nothing  nnw  remained  connneted  mth  this  part  of  Karon 
von  Webei-'a  investigaiions  but  to  collect  facta  snoTing  the  in- 
fluence of  tho  state  of  the  surface  of  the  rails  upon  the  stabil- 
ity of  the  structure. 

106.  The  deductions  made  by  him  from  the  experimeni 
relatinfr  to  Iho  question  (A),  "  W/uU  foT<x  is  required  to 
ot>erci/ms  tAe  toteu.  rmistance  due  to  the  combinattan  of  the 
hoUling  power  of  the  spiket  in  the  sUepera  aud  the  f  Action 
heiweeti  tJw  railn  and  whu^f  "  are  as  loUows  :— 

1.  That  the  resisting  power  of  the  rails  to  lateral  forces 
oonsiderably   increased  through   the   friction    between    the" 
wheels  and  rails,  tliis  friction  causing  the  axle  to  form  a  kind 
of  tio  between  tho  two  rails. 

2.  Tiiat  if  tlie  li>ad  nnoii  the  rail  is  more  than  9,075  lbs. 
per  wheel  or  vehicle,  the  resisting  jwwer  of  the  rails  to 
uantiiig  due  to  the  fiictlon  just  mentioned  is  greater  than 
that  due  to  the  spiking  of  tlie  rails  in  the  ordinary  war  to  Hr 
sleciters. 

S.  Tliat  the  rosistaneo  of  the  rails  to  lat'Cnil  displacement 
on  tho  sleepers  is  inereaaed  by  tho  load  on  tho  rails  in  thej 
pn.iportion  of  0.33  of  tltat  load ;  whence,  in  the  case  of  rail 
carrying  I  he  Kiad  of  6,S06  lbs.  per  wheel,  the  retiialanceof  the' 
rails  to  Uitt'nU  di-nplaeemtfnt  on  the  vleepers  due  to  the  huiil^ 
is  greater  than  that  due  to  the  resisting  {>ower  of  the  spikes, 

4.  That  if  the  load  be  more  than  0,075  lbs.  per  wheel,  tho 
frictional  resistances  canse  the  rails  to  be  supported  at  top 
and  bottom  against  both  cantiug  and  lateral  dtsplacement, 
and  the  itupporl  thus  afforded  is  more  effective  titan  that  due 
to  the  ordinaiy  spiking. 

5.  That  the  forces  tending  to  produce  canting  aitd  lateral 
displacement  due  t<i  the  horiz<:>utal  oscillations  of  the  rotUni 
stfHjk,  CAX\  only  be  resisted  (at  least  in  moat  cases)  by  the  com* 
bined  action  of  tlie  spikes,  the  friction  between  the  wheeti 
and  rails,  and  the  friction  between  tlie  rails  and  sleeucra. 

6.  That  if,  therefore,  the  load  upon  one  point  of  the  stra( 
tore  be  partially  or  entirely  removed  by  me  undue  vcrticat^ 
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oscillation  of  a  vehicle,  whilst,  at  the  samo  time,  a  lateral 
oscillation  of  the  vehicle  taknt  place,  tlie  stabiliiT  of  Uie 
•tnifture  luraiiiBt  the  preaaure  <liie  to  this  lateral  oscillatiou 
depends  s^uulv'  npon  the  iiiauffiiueiit  resistin^r  power  of  (he 
epike^  and  the  lateral  dletorrion  and  displacement  arc  the  lui- 
RvoiduLile  conscuueuces.  This  last  deductiuu  is,  afi  Barun 
Ton  Wclier  justly  uuiihijere,  one  of  very  great  impoitancc, 
aud,  in  fact,  the  experimental  researches  uiton  wliteh  it  is 
fomided  inav  be  Baia  to  prove  the  cause  which  leads  to  the 
serpentine  flit^placements  of  the  mils  bnt  too  frequently  met 
witii  on  straight  P'>rtion8  of  a  Hne  of  railway,  partieiilarly  if 
the  line  is  one  or  Hj^ht  coustnictiou,  or  is  traversed  by  loco- 
motives baring  considerable  overhang  at  tlie  leading  and 
trailing  end*.  Lf  such  a  portion  of  aline  contains  a  sloepor 
badly  bedded,  which  Binks  uniformly  throughout  its  entire 
leni^tli  under  the  influence  of  a  j^u:«in^  load,  the  vehicle  pass- 
ing over  it  will  make  but  a  heavy  vertical  oecillation,  having 
no  iullucm-o  upon  the  Ititeral  resisting  power  of  the  structure. 
Hut  if  the  5lee|>er  sinks  under  one  rail  more  deeply  than  un> 
der  the  other,  the  oscillation  of  the  vehicle  will  be  at  oneg 
horizontal  and  vertical,  and  the  load  will  be  removed  more  or 
less,  tii-st  fmm  the  trailing  and  then  from  the  leading  axle, 
tliu6  caiiHing  the  lateral  pressure  due  to  the  horizontal  oscilla.- 
ti<Mi8  to  bo  exerted  through  the  tii-es  of  the  wheels  with  full 
power  against  the  r&Wa. 

Tn  such  a  case  it  is  almost  unavoidable  (hat  the  [loiut  of 
the  unloaded,  or  pai-tially  nnloaded,  structure  should  be  dis- 
placed laterally ;  but  this  displacement  having  once  occurred, 
the  owiillations  of  the  [Missing  vvhicieb  become  so  consider- 
able, both  in  a  horizontal  and  vertical  direction,  that  tlio  dis- 
placement of  the  rail  is  soon  repeated,  and  onlv  favorable 
cireumstnTiccs,  such  ns  euincidenco  of  the  oscillations,  can 
then  prmiiu*  a  uniform  motion  of  the  vehicles.  The  dis- 
plncemenla  just  ix-ierred  to  are  considered  by  Baron  v^)a 
Weber  to  bo  most  dangerous,  both  for  the  stability  of  the 
fttructure,  and  the  paf«age  of  the  trains,  because  their  original 
causes  can  only  be  discovered  with  great  difficulty,  even 
when  the  permanent  way  is  must  carefully  inaiulaiued. 

767.  Notwithataudiiig  the  great  value  of  the  results  ob- 
tained from  the  experiments  we  liave  already  described,  it  ia 
undeniable  tlmt  some  of  the  main  questions  relating  to  the  Ma- 
bilily  of  permanent  wav-stroctui-oa  can  only  be  ^ttallv  an- 
swered by  ascertaining  tKe  amount  of  the  momentary  (tefleo- 
tionsaiid  displacements  of  the  rails  which  actually  occur  wheo 
a  lino  is  subjected  to  the  action  of  passing  trains,  \  nt  whicli 
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disappear  either  entirely,  or  almost  entirely,  after  the  actioKi 

wliiirli  causes  tliem  ceasee,  aud  which  are  tbus,  uuiier  onlinury-l 
eircumetancos,  likelv  to  escape  ol>Ber\'atioii. 

The  [nomciitarv  deflections  aiid  disptacetiients  jtist  refcncd 
to  may  be  divided  into  two  cloafies,  namely,  tho«o  which  up- 
parently  disappear  on  the  removal  of  the  load,  aiid  thow 
which  dieappear  absolnUily.  To  the  firet  class  beloiij^  those 
deflections   and   displacements   which,  although  cansiiijr  » 

f;reater  or  less  loosening  of  the  structure,  are  yet  within  the 
Un'iU  of  elasticity  of  ttie  raiU,  so  tliat  tlic  latter,  after  the  paa> 
sage  of  the  train,  rolunt  to  tlieir  nurinal  positions,  and  therfl'J 
are  only  left  to  make  the  movements  which  have  taken  plj 
the  fiinull  lateral  displacentontd  vi  the  spikes,  ur  small  iinpro»-i 
sions  of  the  aleopers  by  the  bases  of  the  rails.  Such  nmrts  of 
displacements  are  likoly  to  esca^ie  any  but  very  careful  iti- 
Bpectiou ;  yet,  taken  altogether,  tliey  may  allow  to  the  rails 
an  aniuniit  of  play  or  liberty  to  uaut  which  may  uruducQ ' 
dangerous  results.  The  second  class  of  momentary  JisplaoeJ 
mcnts,  on  the  other  hand,  uousi&ts  uf  those  which  take  place 
within  the  limits  of  eliisticity  of  tlie  |)orinanent  way-stnicliire 
as  a  whole,  all  the  pails  I'eturoiug  to  their  normal  positions  on 
the  removal  of  the  cause  of  tlie  disturbance.  Such  uiomcu- 
tary  alterations  a&  these  in  the  pusitions  of  the  raiU  occur  Icai 
frequently  than  those  of  the  former  class,  but  they  may  never- 
^lelcas  become  dangerous  under  ceriaiu  circumijtaiices  wliich 
will  be  spoken  of  hereafter. 

We  now  cume  to  tiie  deductions  di'awn  by  Baron  ron  Weber, 
from  tl;c  i-eaultsof  the  various  series  of  e.\pennient8  recorded 
by  UB  in  the  preceding  artldus  of  the  preecnt  btiries.  It  ia 
tlie  opinion  of  the  Baron  that  the  tendency  of  advanced  rail- 
way practice  is  to  abandon  tlic  ordinary  system  of  iron  or 
&tw\  rails  fixed  on  wooden  sleepers  for  the  use  of  {»ermanent 
waj'-structnros  fonned  of  ircm  alone,  and  he  considers  tluU 
ultimately  hues  of  rails  will  be  constructed  as  cx>niinuuus  Or- 
ders, strong  enough  to  resist  all  the  aelions  of  tho  rollm^ 
stock,  and  resisting  directly  upon  pr-^j^erly  prepared  grount^ 
without  tlie  intervention  of  interrat'd.atc  mcmbci-a  or  jxjrish- 
able  matcriaU.  "  I»oking  back,"  ho  sjiya,  *'  uiwn  tlic  c-xpori- 
niental  researches,  we  are  struck  by  an  extraordinary  fact,  tho 
remarkable  character  of  which  is  enlianced  by  tbc  cireum- 
Btauce  that  it  has  been  little  known  and  still  less  taken  into 
cousideratioiL  This  fact  is  tliat  heavy  trains  and  [Kiwerful 
engines  have  already  ran  longer  than  the  a^e  uf  Uio  preseut 
genejution  upon  bnes  or  Btrnctiirtti,  the  flexibility  of  w-hich  is 
•o  great  that  erci^'  wheel  leaves  its  impresaiou^  &nd  every  («• 
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cillalion  produces  n  dtsplaeeinent ;  nTid  of  vrliicli  the  stability 
— as  far  as  it  dopeinb  iiixni  the  reeisling  piwerof  its  nu;clmn 
ical  parts— ie  go  siimU  lo  proimrtion  to  the  difttiirbing'  tntin- 
cnces  bronght  to  bear  upon  it,  Utat  almost  any  one  nf  tiie&e 
inllueiicee  would  deetroy  the  stnicture  if  it  were  not  that  lite 
very  load  itself  increased  tlie  stability  thnmgh  tlie  agencv  iif 
the  frictiyii  between  the  wheels  and  the  rails.     It  would  Im* 

aatte  nnwfirthv  of  engineers  and  engineering  wiienee  to  rej>Iy 
lat  as  the  tra^c  has  Tor  a  lon^  period  been  satisfAL-tonly  car- 
ried on  lines  possesBing  sneh  flexibility,  that,  therefore,  it  is  of 
no  imjKirtance  whenee  the  stAbiUtv  comes,  so  long  as  it  is  there 
when  required.  We  might  as  well  state  that  tlie  neighborhood 
of  a  certain  powdor-milJ  is  free  from  danger,  becauBC  explo- 
sions have  occurred  but  rarely  during  the  last  five-atid-tlnrty 
years." 

'763.  Seductions  of  Baron  von  Weber  fVom  tabulated 
results,  liaron  von  Wcl>er  innko*  asorioB  nf  dediuitions  which 
arc  worthy  of  the  careful  attention  of  both  locomotive  superin- 
tendents and  engineers  in  chaige  of  permanent  way.  These 
deductions  are  in  substance  as  fullowe: — 

1.  That,  as  is  well  known,  six-wheeled  loeomotives,  when 
ninning,  oscillate  round  their  central  axle,  a  dipping  or 
plunging  motion  taking  place  towards  the  leading  and  trail- 
ing end  alternately.  Tints  the  loads  upon  the  lending  and 
trailing  springs  vary  ae(H>rding  to  tlie  oscillalions,  and  conse- 
quently the  pressures  exeriM  by  the  leading  and  trailing 
wheels  upon  the  rails  vary  also. 

2.  That  in  the  case  of  engines  on  which  the  experiments 
were  made  the  greatest  load  irajK«cd  in  this  manner  upon  the 
springs  ex(;oederi  the  normal  h.»ad  by  103  per  cent,  (ihe  in- 
crease of  load  beini'  fmm  70  to  IfiO  centners  jwr  wheel)  in 
tlie  case  of  the  leading  springs,  and  by  74  per  cent,  (the  in- 
crease l>eing  from  115  to  200  centners  per  wheel)  in  the  case 
of  the  trailmg  sprinas. 

3.  That  the  maximum  loads  iust  mentioned  are  much 
Plater  than  that  laid  down  by  the  rules  acknowledged  by 
German  railways,  namely,  a  maxininm  of  130  centners  jier 
wheel.  Thus  in  determining  the  strength  of  permanent  way- 
slructui-es  tliis  great  increaee  of  the  pressure  wnnetinies  oxcr- 
cisc<l  upon  the  rails)  should  be  tAlcen  into  consideration. 

4.  TW  the  load  upon  the  springs  is  sometimes  reQ.iced 
during  the  running  of  the  engine  to  about  7  i-*er  cent  of  the 
normal  load  (the  reduction  being  from  7i  to  5  cnnlners)  in 
the  case  of  the  leading  springs,  and  to  26  per  cent  of  the 
nciTna]  load  (from  111  to  30  centners)  in  the  case  of  the 
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trailing  springs.  The  decrease,  or  oven  nometiniOA  thnali 
entire  removal  of  the  load  from  the  leudinj;  sprinp*  id 
prising.  ThecxjwHinenta,  of  which  an  aci-^niiit  ha^.  jciat  b( 
eivcii,  prtjvc  that  tiie  permanent  way  l»  nioineiilarily  &nl 
jeL-ted  t4:)  far  £;reat«r  loads  than  it  is  urdiuanly  siippotM-'d  to 
carry,  and  furtlier  Lliat  it  is  somutinics  alitu«t  pniirely  rtdiewd 
of  ite  load  &A  ahovo  stated.  It  appears  alfiii  certain  that  tlmre 
exist  horizontal  oscillations  of  the  vchic-ies  produced  at  first 
by  jiartially  vertical   osci  Hut  ions,  and  thero  thui*  exists   IJte 

ffmafost  pn)liability  of  the  OMiicideiice  of  such  a  relief  froi 
oad  a^  has  just  been  mentioned,  with  a  ttorizuntal  osi-IUatioi 
towarda  the  rail  from  wIul-Ii  the  load  has  jimt  bouii  retntived, 
the  result  being  a  dieplacemeiit  of  the  permanent  way.  aa, 
under  the  circumstances  supposed,  the  opposition  oiFered  by 
the  latter  is  but  that  dnc  to  its  mechanitral  straetnre.  Tbu 
exficrimenta  on  the  stability  of  permanent  way  already  de- 
ecnl>c<l,  ti^tfacr  with  the  investigations  of  the  variations  of 
load  on  the  wbecls  of  tlie  engiiiee,  explain  in  a  RatiBfat^tory 
manner  the  causea  of  many  caeea  of  widening  of  tlio  |r&u>^ 
ard  dieplacement  of  the  stmctare  previously  considered 
iiwxplicable. 

5.  The  difference  between  the  maximnm  and  minimum 
loads  restini?  at  different  times  on  tlie  same  spring  varies  by 
;nore  than  double  the  normal  load  in  the  case  of  tjie  lendiii-; 
wheels  ;  but  seldom  bv  more  than  40  per  cent,  of  tliat  load 
ill  the  case  of  the  trailing  wheals,  a  circuiuBlauee  wliii.-h  indi- 
wites  that  the  real  renlre  of  oscillation  of  the  inafiMsfonuLiig 
the  engine  is  situatod  lietweeu  the  driving  and  trailing  axle, 
aud  not  over  the  former. 

6.  That  the  cxti-eme  amounts  of  variation  in  the  loads  <m 
the  leading  and  trailing  spring  wei-e  found  to  occur  in  mi 
engine  the  cun8tru':tion  oi  which  would  have  least  justified 
the  expectation  of  their  taking  place.  This  engine  wa*  the 
** PrometlieuB."  in  which  the  wneel  base  differed  very  little 
from  the  length  of  the  boiler,  and  in  which  about  fiO  i»er 
cent,  of  the  loa<l  wa"?  removofi  from  the  loailing  wlu-el,  uhile 
that  on  the  traiUiiir  wheels  was  reduced  to  77  i>er  cent,  of  the 
normal  load.  Tins  fact  points  strongly  to  tlio  dHn;;er  uiteii 
attendant  uptjo  p1a<-.iii^  a  great  lend  ii|K)n  tlio  driving  axle, 
if  tlie  latter  is  situated  under  the  centre  of  the  ciigine. 

•768.  Sleepera.  The  preservation  of  sleepers  by  chemit^l 
proceasea  is  always  the  subject  of  experiment  on  one"  or  another 
of  onr  railways.  The  practice,  however,  is  not  general  it) 
this  coantrir,  because  the  mashing  of  the  rail  into  the  sleepe? 
usually  destroys  it  in  advanoe  ^  decay.     In  Knglaud,  Lh« 
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beariTi{»B  of  the  chains  nsed  with  the  donhle- headed  rail  on 
every  sleeper  arc  8o  extended,  tliat  ihp  mechanical  injurj*  of 
iho  u\KHi  IS  quite  sinaU.  Preveulion  ogsiiiBt  det-jiy — usually 
immersion  in  coal-tar — is  therefore  generally  practised.  The 
insiifHcicnt  bearing  offered  bv  glcepers  to  the  rails  is  thus, 
diret-tly  and  indii-ectly,  the  cause  of  their  rrtpid  destruction. 
It  is  stated  that  plaoinsr  the  AltHipera  clo»tr  tlinn,  say  two  feet 
apart  iMjtween  centres,  would  prevent  the  convoiiient  tamping 
of  the  ballast.  ItiftohjectedtothoU)npitudiiialsleeper,tliatthe 
rail  lyirifr  parallel  with  the  fibre  of  the  wood,  mashes  into  it 
more  easily  than  into  tlie  cross-sleeper.  These  objections  to 
insnf^tMetit  bearing  are  not  iuhercnt  in  cither  system,  but  arise 
From  im|>roper  eonatrnction.  Thoroughly  good  ballast  would 
not  require  continual  tampinc.  It  is  even  proposed  by  some 
of  nur  most  experienced  engineers  to  ctiver  the  balhiftt  with 
a  coating  of  oi>aI-tAr  and  gravel,  to  absolutely  exclude  water, 
and  thus  prevent  not  only  decay,  but  wasblng.  freezing,  hcav. 
ing,  settUng — all  destroymg  eleiuonts  but  vibration  and  wear. 
In  tliis  case  the  timber  bearings  under  the  raits  should  be 
almost  continuous,  to  prevent  wear  both  on  the  ballast  and 
on  the  rail.  The  mashing  of  rails  into  timbers,  either  longi- 
tudinals or  cnjss-slecpers,  is  largely  due  to  the  want  of  stm- 
iieM  in  the  rails  themselves.  The  low  n  '^''*' ""  '^^^  Great 
Weateni  of  England  are  the  most  notable  eNaniples  of  this 
kind  of  failure.  If  the  Imu  wasted  in  the  tliick  stem  and 
pear-head  of  our  woret  shaped  rails  were  put  into  the  height 
of  stem,  ibeir  ixsistance  tti  deflection  womd  be  doubled,  ibi* 
resistautTO  lieing  as  the  cube  of  the  depth. 

Thei-e  is  a  grawing  conviction  amons  engineers,  that  the 
longitudinal  system  will  become  staiidura.  It  offere  twice  to 
three  tiniei^  as  nuieh  bearing  for  the  i-ail  as  the  cniea-elceper 
flyfltem.  The  whole  strength  of  a  longitudinal  is  added  to  the 
strength  of  tbe  rail,  wnisidered  a-s  a  beam  to  carry  the  load. 
The  strength  of  the  cnifis  sleeper  in  tins  direction  is  wholly 
wasted.  The  longitudinal  is  almost  certain  to  prevent  the 
dis]ilacoment  of  a  broken  rail.  Tlua  system  hai>  never  been 
tried  on  a  large  scale,  with  a  high,  stiff  rail.  It  requires  bet- 
ter ballast,  and  more  thorough  adjustment  than  the  other 
system.  Independent  points  of  support,  like  the  isolated 
ends  of  crose-sleepers,  that  can  be  blocked  np  or  let  down  at 
pleasure,  without  reference  to  the  rest  of  tlie  supcrslniuturo, 
are  the  iudispentiaLIc  aceompanimeut  of  had  ballasting  aud 
imperfect  drainige.  But  they  arc  unsuited  to  any  system  oi 
^mogeneous,  eominuouf),  and  permanent  way. 

Iron  sleepers  are  coming  into  use  iu  countries  where  tim- 
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ber  is  vct}  costlj  and  uiisiiit»blo,  and  are  the  Bobjecte  of 
vnrious  experiments  in  England 

The  {jronl  flnfect  of  all  iiniwrislmblo  RleeperR,  wlietlier  etoite 
or  iron,  lias  beeu  want  <»f  elaeticitv.  An  anvil  under  a  rail, 
and  es|)ecially  under  a  joint,  ia  ait  |>ad  if  not  worue  tlian  an 
insnfiirienr  snpiwrt. 

T70.  Rail-Joints.  The  selection  of  joint  fastening  for 
the  ends  of  rails  is  &jniewbat  dependent  niton  the  wciijlit  of 
rail  r(N:jiiinid,and  heneo  njxin  the  traffic  Aftertwentv  vean* 
of  competitive  trial  with  every  variety  of  fastening,  tfie  sim- 
ple *'  fisb-joiiit" — an  irtni  splice  on  each  side  of  the  rail — has 
becnme  atatidai-d  in  Europe,  and  is  jmiiiing  ground  here.  It 
is  the  lightest  and  strungeat  fastening  that  can  l>e  applied, 
when  rails  are  hi^ll,  and  ppt*pcrly  Blmpcd  to  receive  it.  The 
oJd  diflieiilty  of  nnts  jamntj  loose  haa  been  overeoine  by  the 
use  of  eloelic  wasberB.  Fiftbing  a  pear-beaded  rail,  three  or 
three  and  a  half  inches  high,  wonld  be  perfectly  nselees.  For 
li^ht  rails,  and  for  Bteel  raiU  (to  aave  weakening  them  by 
piinuhiiig),  and  as  an  auxiliary  to  tlie  fisli-joint,  Uie  now 
Reeves*  fastening — a  light  clamp  opon  the  etmtignonB  flangca 
of  two  mils — is  coraiii^  largely  into  use.  The  mere  chair  tn 
seating  fnr  the  ends  of^ratls  is  no  longer  considered  safe  n«r 
eoonomicnl  for  lines  of  heavy  traflic.  Althon^h  there  is 
room  for  farllier  exi>ennicnt,  it  cannot  be  said  Uiat  the  de- 
mand for  a  good  rail-joitit  bus  not  been  met 

77L  Steel  Rails— The  Results,  lleasomer  steel  raila 
have  been  in  regular  and  extensive  use  abroad  over  ten  years. 
For  several  years  large  trial-lota  have  been  laid  ou  varioua 
American  roads  havhig  hca\-y  fraffic. 

T72.  The  Wear  of  SteerRaila.  As  no  steel  rails  ai-e  re- 
ported to  have  worn  out  on  our  roads,  the  comparative  dura- 
bility of  steel  and  iron  cannot  be  absolalcly  detenniiied. 

A  great  number  of  insrances  of  the  comparative  wear  of 
Bteel  were  cited.  In  one  cajw  twenty-three  iron  rails  had  been 
worn  out,  where  a  steel  rail,  laid  end  to  end  wtlh  tbo  iron, 
wfts  not  yet  worn  down.  In  other  cases  the  wear  was  seven 
teen  to  one.  It  is  conceded  tliat  any  steel  rail  will  otitlnst 
Btx  iron  rails.  In  fact,  the  remarkable  wearing  qnalitics 
Bteel  rails  have  never  been  donbted  or  qnestionod. 

T73.  Breakage  of  Steel  Rails.  Some  steel  rails  of  Eng- 
lish, l-'rencli,  and  American  uianufactiiro  have  broken  m 
eervice.  In  several  cases  the  canse  has  been  ascertained  hy 
the  direct  analysis  of  the  broken  rail.  The  cause  was  phos 
phoms.  In  some  other  caacs,  where  analyses  were  not  niade^ 
the  ffencral  character  of  the  iron  used  haa  been   asoer 
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tained,  and  the  trouble  haa  twn  inferred  to  be  phosphorus, 
or,  in  sciine  erases,  ail  excess  of  eilicou.  It  is  well  kuowii  to 
Btoel  malvera  that  a  verv  niiniito  pntporlioii  uf  nlmsphonis 
(iilwve  0.2  i>er  cent,)  will  make  IJeaBemer  eteel  brittlf.  In 
other  wises  rails  liave  bnikeii  at  the  mark  of  the  **^ai?."  or 
iiistninieiit  for  6traifi;Iiteiiiiig  the  rail  cold.  The  rails  had  not 
been  properly  hot-straighteood,  or  were  finishod  at  t-ni  low 
a  heat.  More  raiU  Lave  broken  tlimiiffh  punched  JUh-bolt 
holee,  and  at  punched  nicks  in  tlie  ilaiico,  tnan  at  any  other 
placeA.  Expcrimente  prove  tliat  pitnching  a  hole  in  a  stocl 
rail  which  \%  sufHciently  Iiard  to  wear  well,  weakena  it 

In  the  absence  of  further  oflU-iHl  infonnation,  it  is  fair  to 
assume  that  the  breakage  of  etecl  rails  is  only  a  sinall  per 
ceuta£;e  of  the  breakage  of  hxin  rails.  Indeed,  the  latter  iB 
of  daily  occurrence,  and  is  rarely  considered  by  the  public, 
except  wiieii  lives  are  h«t,  and  nut  alwaj'S  by  railway  inau- 
aj^ers  when  they  make  contracts. 

714.  Tests  and  Improvements.  The  punching  of  steel 
mils  has  been  abandoned.  Sevend  kinds  of  power  and  hand 
drilling  machines  have  l>een  iutivjdiiced,  that  do  the  work 
rapidly  and  well.  The  loss  from  the  neutral  axis  of  a  rail, 
of  the  little  material  nece*«ary  to  lot  a  b<tU  lhr(>iij;li,  c:unn»t 
fiensibly  weaken  it.  To  prevent  the  rails  from  crcejjiny;,  the 
cn^neer  of  the  Pennsylvania  railway  pins  them  to  several 
sleepers  by  means  of  J  inch  holes  drilled  in  the  flange. 
There  are  also  other  and  better  devices  for  preventing  end 
movement,  whicli  do  not  weaken  the  rail  at  all.  The  grand 
advantage  of  eteel,  for  service  under  concussion  and  wear,  is 
its  homogcneitv.  Uavinflr  been  cast  from  a  liquid  sratc.  it  is 
sound  and  iiniform,  and  free  from  the  laminations  and  layers 
of  cinder  and  numerous  weUls  which  characterize  wrotight 
iron,  especially  the  low  grades  of  wrought  iron  usually  put 
into  rails, 

775.  Improved  Traction  upcm  Steel  Rails.  It  has  been 
too  much  the  practice  of  railway  inaniigen>  to  consider  only 
tlic  increased  durability  of  steel.  A  li^ss  striking,  Imt  per- 
haps equally  imj^vortant  advantage  is,  that  it  has  Conble  the 
strength  and  more  than  double  the  stiffness  of  iron. 

Tlie  great  and  constant  rcsihtanwj  to  tnurtion,  and  th-^  wear 
and  tear  of  track,  wheels,  and  running  gear,  doe  to  the  Afheu- 
tion  of  rails  between  the  sleepers  and  the  perpetual  seriw  a' 
resulting  ooneusBions,  may  be  much  reduced,  or  pnu!tic»iH 
avoided,  by  the  use  of  rails  of  twice  the  ordinary  stififnea*; 
in  such  a  case,  however,  reasonably  good  ballas^im;  and 
slecpere  would  be  essential.  When  a  wlwle  series  of  abwp- 
80 
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ers  Binks  bodily  into  tho  mnd,  the  consideration  of  deflectitis 
between  the  sleepers  ie  a  premature  refinement  If  the 
weight  of  steel  rails  is  decreased  in  proportion  to  their 
strength,  these  advantages  of  cheaper  traction  and  mainte- 
nance will  not,  of  course,  be  realized.  The  best  practice,  here 
and  abroad,  is  to  use  the  same  weight  for  steel  as  had  been 
formerly  employed  for  iron. 

776.  Steel-headed  Rails.  Many  attempts  have  been  made 
in  England,  on  the  Ck>utinent,  and  in  this  country,  to  produce 
a  good  steel-beaded  rail,  and  not  without  success.  Fuddled 
steel  heads  have  all  the  structural  defects  of  wrought  iron, 
as  they  are  not  formed  from  a  cast,  and  hence  homogeneous 
mass,  but  are  made  by  the  wrought-iron  process,  and  are,  in 
fact,  a  "  high"  steely  wrought  iron.  They  are,  however,  a 
great  improvement  upon  ordinary  iron,  although  probably 
Uttle  cheaper  than  castrsteel  heads.  Eolling  a  plain  cast-steel 
slab  upon  an  iron  pile  has  not  proved  successful.  The  weld 
cannot  be  perfected  on  so  large  a  scale,  and  the  steel  peels 
off  nnder  the  action  of  car  wheels.  Forming  the  steel  slab 
with  grooves,  into  which  the  iron  would  dovetail  when  the 
pile  was  rolled  into  a  rail,  has  been  quite  sucoessfuL 
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CAN  ALB. 


777.  Canali  are  ftrtiflcial  channels  for  water,  applied  to  the 
porpoBe  of  inland  navigation  ;  for  the  supply  of  cities  with 
Water;  for  draining;  for  irrigHtimi,  A'c,  Ac 

778.  Navi^abU  canals  arct  divided  into  two  cladaee;  IbL 
Canala  whidi  arc  on  the  Bouie  level  tbrovighout  tlieir  entire 
leii^h,  as  those  which  are  found  in  low  level  coiintriea. 
2d.  Canals  which  connect  two  pointaof  different  levuU,  which 
lie  either  in  the  eame  valluv,  or  un  opposite  sides  of  a  dividing 
ridge.  This  clae*  is  foancf  iu  broken  oountrioB,  in  which  it  is 
neocsaary  to  divide  the  entire  length  of  the  canal  into  gevera) 
level  portions,  the  comiuimic-aliou  hetween  which  it«  cfftH:ted 
by  swn©  artificial  ineauft.  Wien  the  points  to  be  connocled 
lie  on  oppueite  sides  of  a  dividing  ridge,  the  highest  reach, 
which  crosses  the  ridge,  is  termed  the  mmmit  hvel. 

T79.  1st  Class.  The  surveying  and  laying  out  a  canal  in  a 
level  Lxjiinlry,  are  operarioiis  of  such  extreme  simplicity  as  to 
romiire  no  particular  notice  in  this  place. 

The  cross  section  of  tliis  clsss  (Fig.  236)  presents  usually  a 
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usttfTAoay,  or  channel  of  a  trapezoidal  form,  with  an  embank' 
ment  on  each  side,  raised  above  the  general  level  of  the 
country,  and  formed  of  the  excavation  for  the  water-wav. 
The  level,  or  surface  of  tlie  water,  is  usually  above  tije  natural 
sarfucc,  sufficipiit  thickness  being  given  to  the  emljankmeuta 
to  prcvfijit  \\\v.  filtration  of  the  water  through  them,  and  to  re- 
sist its  pi-eseui-e.  This  arrangement  has  in  ite  favor  tlie  advan- 
tage of  economy  in  the  labor  of  excavating  and  embanking, 
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since  the  croes  section  of  the  cutting  may  bo  m  calculated  *i 
to  hirnt&h  the  necessary  earth  for  the  einbaiikment ;  but  it 
cxp<«cs  the  surrounding  country  to  injury,  from  acoidenta 
liapiieiiinff  Ui  (he  einbamiinents. 

Tne  i-ftlative  dimensions  of  the  parts  of  the  cross  seotioD 
may  bv  gt.'nerally  stated  as  follows;  subject  to  sut-h  iuodi£c»* 
tions  as  ench  |»art,icular  case  may  seem  lo  deiiiuiid. 

The  width  of  the  water-way,  at  bottom,  should  be  at  leut 
tn'ice  the  width  of  the  boats  used  in  navi^uni;  tlie  canal;  so 
that  two  beats,  iu  passing  each  other,  may,  by  Bheerin^  to 
wards  the  ptdes,  avoid  being  brought  into  contact. 

The  depth  of  the  water-way  should  be  at  least  eighteen 
inchee  greater  tlian  tlio  draft  of  the  boat,  to  facilitate  the 
motion  of  the  boat,  particularly  if  there  are  water-plauta 
grovnng  cm  the  bnttora. 

Tlie  Bide  6lo|>ee  of  the  water-way,  in  compact  soils,  should 
receive  a  base  at  least  once-and-a-half  the  altitude,  and  pro* 
portionally  more  aa  the  soil  is  less  compact. 

Tlie  thicknese  of  the  embankments,  at  top,  is  seldom  regu- 
lated by  the  pressnre  of  the  water  against  them,  as  this,  in 
most  cases,  is  incorwidurable.  but  to  prevent  filtration,  which, 
were  it  to  take  place,  would  soon  c&nac  their  ilcstniclimi.  A 
thickness  from  four  to  six  feet,  at  top,  with  the  additir>Mai 
thickness  given  by  the  side  slopes  at  tite  water  surface,  will, 
in  most  cases,  be  amplv  sufficient  to  prevent  tiltralinnt^  A 
pathway  for  the  horses  attached  to  the  iHwts,  termed  a  tauh 
patAj  which  is  made  on  one  of  the  embankments,  and  a  fo<jt- 
patli  on  the  other,  which  should  be  wide  enough  to  serve  as 
an  ocTcasional  tow-path,  give  a  su|K!r»bnn dance  of  sUcugtli  to 
the  embankments. 

Tlie  towpfllh  sliottld  be  from  ten  to  twelve  feet  wide,  to 
allow  the  horses  to  pass  each  other  witli  ease  ;  and  tlio  fivut- 
jmlh  at  least  six  feet  wide.  The  height  of  the  surfactts  of 
these  paths,  above  the  water  surface,  f^hould  not  1>e  tcss  than 
two  feet,  to  avoid  tlic  wat>h  of  the  ripple ;  nor  gr«aier  titan 
fonr  feet  and  a  half,  for  the  facility  uf  the  draft  of  the  horses 
in  towing.  The  surfa(«  of  tlie  tow-path  shonld  iiieline  feUglitly 
outward,  both  to  convey  off  the  suirace  water  in  wet  wi^aiher, 
and  to  give  a  firmer  footing  to  the  horses,  wUicIi  natnniUy 
draw  from  the  c-anal. 

Tlie  side  slopes  of  the  embankment  vary  with  the  character 
of  tlie  sc>il :  towards  tlio  water-wa^'  they  should  seldom  be  lov 
tlian  two  base  to  one  perpendicular ;  from  it,  tliev  niaji,  if  it  be 
tbonght  necessary,  be  leas.  The  interior  slojio  is  usually  not 
carried  up  unbroken  fmm  the  bottom  to  the  top;  but  a  hori* 
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Bontftl  space  tcntied  ■  lenchy  or  bermy  about  one  or  two  feet 
wide,  ia  left,  alwuit  one  foot  ahove  the  water  fiurfaee,  between 
the  side  slope  of  tlie  water-way  and  the  friot  of  the  oinhnnk- 
mont  alwve  the  benn.  This  space  eerves  to  protect  the  upper 
part  of  the  iiitenor  side  slojie,  and  is,  in  some  cases,  planted 
witli  eueh  BUrubt>ery  as  grows  nioet  liixnriantly  in  aquatic 
localities,  to  ppoteet  more  efficaciouel^  the  banks  bv  the  snp- 
port  wliich  its  roots  give  to  tlie  soil.  Tlie  side  Blopee  are 
better  protected  M-  a  revetement  of  drv  stone.  Aquatic  plants 
of  the  bnlruah  kind  have  been  n&ed,  with  bucccss,  for  the 
same  pnrpofle ;  being  planted  on  the  bottom,  at  the  ftot  of 
the  side  Mo|)e,  they  e«rve  to  break  the  ripple,  and  preserve 
the  elopes  from  its  effects. 

Tlie  earth  of  whii;h  the  embankments  are  formed  shonld  be 
of  a  ffood  bindingcharaeter,  and  perfec-tly  free  from  vegetable 
monla,  and  all  vwetable  matter,  as  the  roots  of  plants,  Ac 
In  fomiiug  the  enibankmente,  the  vegetable  mould  should  l»o 
CHrefnlly  rciiiovcd  fmm  the  surfat*  on  whiiih  they  are  to  rest; 
and  They  ghonld  l>e  carried  up  in  uniform  layere,  from  nine 
to  twelve  inches  thick,  and  be  well  ramnie*!.  If  the  charac- 
ter of  the  earth,  of  which  the  emhaiikinents  are  formed,  h 
snch  as  not  to  present  entire  security  againet  filtration,  a  pud- 
dling of  clay,  or  fine  sand,  two  ur  t&ee  feet  tliick,  may  he 
laid  in  tlto  interior  of  the  mass,  penetrating  a  foot  below  the 
natural  surface.  Sand  is  useful  in  preventiuff  filtration  cansed 
by  the  boles  made  in  the  embanlcraents  near  the  water  suT' 
face  by  iusects,  moles,  rats,  Ac. 

Side  drains  must  be  made,  on  each  side,  a  foot  or  two  from 
the  embankments,  to  prevent  the  eurface  water  of  the  natunil 
surface  from  injuriiig  the  ei  n  bank  men  tB. 

^SO.  2d  Cr.AAfl.  Tliis  class  will  admit  of  two  aubdiWsions: 
Ist.  Canals  which  lie  throagbouc  is  the  same  valley ;  2d. 
Canals  with  a  summit  level. 

liooation.  In  laying  out  canals,  l>e1onging;  to  the  first  anb- 
divigion,  the  engineer  must  be  guided  in  Ins  choice  by  the 
relative  expense  of  construction  on  tliotwo  sides  of  the  vallev; 
which  will  depend  on  tlie  qnantity  of  cutting  and  filling,  the 
naaonrr  for  tlie  culverts,  &c.,  and  the  nature  of  the  soil  as 
adaptea  to  holding  water.  All  other  things  being  equal,  the 
side  on  which  the  fewest  secondary  water-uouifcs  are  found 
will,  generally  speaking,  offer  the  greatest  ad^*antage  as  to 
expense,  l>ut  it  may  happen  that  the  secondary  water-courses 
will  be  required  tn  feed  the  canal  with  water,  in  which  case 
it  will  be  ne«re88ary  to  lay  out  the  line  on  the  side  where  ihey 
are  found  mu«^  convenient,  and  in  moat  abui  dunce. 
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18L  Orosa  seotlon.  The  side  fDnnatioiu  of  excftTutioiii 
sud  eml>atikiiiL>iitB  require  peculiar  care,  particularlv  the  lat- 
ter) as  any  urevicw,  when  ihey  an?  first  foniiwl,  or  winch  mii* 
take  place  by  aettling,  might  prove  defilmctive  to  the  work. 
Ill  in<i8t  case*,  B  stratntn  of  good  bbiditif;  earth,  lining  tlie 
water-way  throughout  to  Uie  thickness  of  iiboiit  four  feet,  if 
compactly  rammed,  will  bo  found  to  offer  Ruflirient  security, 
if  the  fmWniuturo  is  of  a  finn  character,  and  uot  liable  to 
tcttto.  Kino  8and  has  been  applied  with  eucceas  to  stop  the 
leakage  in  canals.  The  sand  for  iMb  purpose  ie  sprinkled,  iu 
small  citmntitiee  at  a  time,  over  tlie  surface  of  tlie  u-atcr,  and 
gradiiullv  fills  up  the  outletB  in  tlie  bottA)m  and  ftides  of  tlin 
canal,  itut  neitner  tliis  nor  puddling  has  been  found  to  $.n- 
Bwer  in  all  caaw,  particularly  where  the  subatructure  is  formed 
of  fraginentH  of  rucks  offering  large  crevicorf  t«  filrnitiouft,  oi 
is  of  a  marly  nature.  In  such  cases  it  haa  boon  found  neces- 
iar^'  to  lin«  the  wat«r-way  throughout  wiili  stone,  laid  iu  hy- 
draulic murtar.     A  lining  of  this  character  (Fig.  237),  both 
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at  the  bottom  and  eidca,  formed  of  flat  stones,  about  four  in- 
ches thick,  laid  on  a  bed  of  hydraulic  mortar,  one  inch  thick, 
and  covered  by  a  similar  coat  of  mortar,  makin<;  the  entire 
tblckneaa  of  the  lining  six  iiicbes,  ban  bei»n  found  to  answer 
all  the  required  purposes.  This  lining  should  be  covered,  both 
at  Ixjttom  and  on  the  sidps,  by  a  layer  of  good  earth,  at  least 
t)u«e  feet  thick,  to  protect  it  from  the  shock  of  the  boati 
striking  cither  of  those  parts. 

Tijo  cross  section  of  the  canal  and  its  tow-paths  in  deep  ctit- 
ling  (F^g.  23S)  slionld  be  regiilate<I  in  the  same  way  sain 
uanals  of  the  first  class;  but  when  the  cuttings  are  of  consid- 
erable depth,  it  has  been  recommended  to  reduce  Uith  to  the 
diniensions  strictly  neoeflsary  for  the  passage  of  a  single  boat 
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By  this  reduction  there  would  be  Bome  economy  in  the  exa* 
"stions;  but  tliis  advantage  wmild,  generally,  be  of  too  tri- 
fling a  cliaracter  to  be  placed  aa  an  offset  to  the  inconveni- 
ences rceulting  to  the  navigation,  particularly  where  an  active 
trade  was  to  be  carried  on. 

782.  Summit  level.  As  the  water  for  the  Bupply  of  the 
Buminit  level  of  a  canal  mnst  be  collected  from  the  ground 
that  lieB  above  it,  the  pofiition  selected  fur  the  Ruinimt  level 
ahonld  be  at  the  lowest  point  practicable  of  the  dividing  ridge, 
between  the  two  branchce  of  the  canal.  In  selecting  this 
point,  and  tlio  direction  of  the  two  branches  of  the  canal,  the 
engineer  will  l>e  guided  by  the  conRi derations  with  regard  to 
the  natural  features  of  the  sniiace,  which  have  alreatfy  been 
dwelt  iipnn. 

783.  Supply  of  water.  The  quantity  of  water  reqnired 
for  canala  with  a  sunimit  level,  may  be  divided  into  two  por- 
tions. Ist,  That  which  is  required  for  the  summit  level,  and 
thoAO  levels  which  draw  from  it  their  supply.  2d.  That 
which  is  wanted  for  the  levels  below  those,  and  which  is  fur- 
nished from  other  sonrces. 

The  supply  of  the  first  portion,  which  mnst  Iw  collected  at 
the  snmmit  fevel,  may  be  divided  into  several  elements:  Ist. 
The  quantity  required  to  fill  the  summit  level,  and  the  levels 
which  draw  their  supply  from  it.  2d.  the  quantity  refjuired 
to  snpply  looses,  arising  from  accidents;  as  breaches  in  the 
banks,  and  the  emptying  of  the  levels  for  repaii-a.  3il.  The 
supplies  for  losacs  from  surfece  evaporation,  from  leakage 
through  the  soil,  and  through  the  lock  gates.  4th.  The  quan- 
tity required  for  the  service  of  the  navigation,  arising  from 
the  pafflfige  of  tiio  Ixmls  from  one  level  to  another.  Owing 
to  the  want  of  sufficient  data,  founded  on  accurate  obaorva- 
ttona,  no  precise  amount  can  he  assigned  to  these  various  ele- 
mento  which  will  serve  tlie  engineer  as  datA  for  rigorous  cal- 
culntion. 

The  quantity  required,  in  the  firat  place,  to  fill  the  summit 
level  and  its  dependent  levola,  wiJl  depend  on  their  size,  an 
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elouient  which  can  be  readilr  calculated ;  &nd  npno  tho  qitHft* 
titT  which  would  f^mk  into  the  euil.  which  is  an  clement  of  a 
vi-iy  iudeteniiiiiatc  i  Imractcr,  dcpciidiug  ou  th«uature  of  the 
soil  it)  the  difTeiYiit  levels. 

The  siipptiee  fur  auctdtntal  kisses  are  of  a  still  less  deter- 
minate cliaracter. 

To  c-aUuilatc  the  snpplj  for  lofieefifrom  gtirfacoevajmradon, 
correct  oh^erratioiig  must  be  made  on  the  vcarlj  amoant  of 
cvapuration,  and  tlie  qtmntity  uf  rain  t))at  falU  on  the  sui 
face ;  u«  the  1<j^  to  he  ttiippHed  vrill  be  the  difference  be- 
tween these  two  qnautitiea. 

^V'i(h  regard  to  the  leakage  through  tlio  soil,  it  will  d('i>end; 
on  tlie  gj-eater  or  less  capacity  which  the  soil  has  for  hoIdmg| 
water.    This  element  varies  not  only  with  tlie  natnro  of  thi  _ 
soil,  but  also  witli  the  sJiortcr  or  lun^r  time  that  the  canal' 
may  have  been  in  neo ;  it  faann^  been  fonnd  to  decix>ase  witb 
time,  and  to  be,  oomparativcly,  out  triflini;  in  old  canals.    In 
crrdiiiary  eoiU  it  niav  be  estimated  at  al>ont  two  iitehes  in 
deplh  every  twentv-fonr  hour?,  for  fu^me  lime  afier  the  rjinal 
is  firet  opened.     'I*he  leakage  through  the  gates  will  depend 
on  the  workmanship  of  theee  parte.     From  experiuientd  hy 
Mr.  Fisk,  on  the   t'ktsapealv  and  Ohio  canal,  the  leakn|^. 
throngh  the  locks  at  the  eummit  level,  which  are  100  feet] 
long,  16  feet  wide,  and  have  a  lift  of'  8  fcet^  amounta  to 
twelve  locke  fnll  daily,  or  about  50  cubic  feet,  per  nitntite. 
The  monthly  loes  upon  the  same  canal,  from  evapoi-ation  and, 
filtration,  is  Bbout  twice  the  quantity  of  water  contained  inj 
it.     From  ex^rimentii  made  by  Mr.  J.  11  .lerviR,  on  the  KrUt 
canal,  the  total  lofeg,  from  evaporation,  filtration,  and  leakage 
throngh  the  gates,  is  about  100  cnbic  fe«t  per  minute,  roi 
each  mile. 

In  estimating  the  quantity  of  water  expended  for  the  aer- 
vice  of  tlia  navigation,  in  passing  the  boat")  from  one  level  to 
another,  two  dietinct  caaea  reqmre  examination :  let.  Whore  > 
there  is  but  one  lock  between  two  levels,  or  in  other  worda, 
when  the  locks  are  isolated.  2d.  Wliun  there  Hie  aeveral 
contiguoas  locks,  or  as  it  is  termed,  Ajiight  of  locks  Iwtwc 
two  levels. 

784.  A  lock  is  a  small  basin  just  large  enoiigh  to  receive 
a  boat,  in  which  the  water  is  usually  connned  mx  the  sides  by 
two  upright  walls  of  masonrr,  and  at  the  ends  by  two  gaten, 
which  open  and  shut,  both  for  tlie  purpose  of  allowing  the 
boat  to  pass,  and  to  cnt  off  tlie  water  of  tlie  upper  level  from- 
the  lower,  as  well  as  from  the  lock  while  Uie  b^^at  is  in  it.  To 
pBBS  a  boat  from  one  level  to  the  oUivr— from  the  luwur  to  ihe 
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iip])er  end,  for  example— tho  lower  gatoa  are  tponed,  and  lfa£ 
boat  having  enfcred  the  lock  they  are  fihnt,  and  water  ia  drawn 
from  the  tipper  level,  by  means  of  valves,  to  fill  the  lock  and: 
raiso  the  Ixmt ;  when  this  operutioii  ia  finished,  the  tinpcr  gules 
are  ujtened.  and  the  boat  ib  passed  ont.  Todc«cena  from  the 
upi>or  level,  the  loek  is  first  filled ;  the  apper  gates  are  then 
opened,  antl  the  boat  passed  in ;  these  gntes  are  next  fthiit,  mid 
the  water  is  dra^m  frum  the  lock  by  x'alvea,  until  the  l>oat  ia 
lowered  to  the  lower  level,  when  the  lower  gates  are  opened 
and  the  l>oat  is  passed  out. 

In  the  two  operations  jnst  described,  it  is  evident,  that  for 
the  passage  of  a  boat,  np  or  down,  a  qiiautity  of  water  mnst 
be  drawn  from  the  npper  level  to  fill  tlie  lock  to  a  height 
which  is  equal  to  the  difference  of  level  l>etween  the  surface 
of  the  water  in  tlie  two ;  this  height  is  termed  the  lift  of  the 
lock,  and  the  volume  of  water  required  to  paae  a  boat  up  or 
down  is  termed  thejpmm  of  lip..  The  calcnlation,  therefore, 
for  (he  quantity  of  water  requisite  for  the  service  of  the  navi- 
gation, will  be  simply  that  of  the  numlier  of  prisina  of  lift 
which  each  boat  will  draw  from  the  Bommit  level  in  passing 
up  or  down. 

785.  In  e-alculatnig  the  expenditure  for  looks  in  flights,  a 
new  elejneiit,  termed  the  prwi/n  of  draught,  mn&t  be  taken  into 
account.  Tliis  prism  is  tlie  quantity  of  water  required  to  float 
the  built  in  the  k>ck  when  tin?  prism  of  lift  is  drawn  off ;  and 
ii>  evidently  equal  in  depth  to  the  water  in  the  canal,  unlesB  it 
should  bu  dcc'tncd  advisable  to  make  it  just  sufHcient  for  the 
dmnffht  of  the  boat,  by  which  a  small  saving  of  water  inigfat 
be  effected. 

786.  Locks  in  flights  may  be  considered  under  two  points 
of  view,  with  rogara  to  the  cxpoiiditnre  of  water :  tiie  first, 
where  lK)tli  the  prism  of  lift,  and  that  of  draught,  are  <lmwn 
off  for  tljc  jMissage  of  a  boat ;  or  second,  where  tlie  prisma  of 
draught  are  always  retained  in  tbe  loi-ke.  Tlie  exponditnro, 
of  course,  will  be  different  for  the  two  cases. 

Great  refinements  in  the  calculation  of  snch  cases  sliould 
not  be  made,  but  the  engineer  should  confine  himself  to  mak* 
ing  an  ample  allowance  for  the  mo«t  unfavorable  cases,  both 
as  regards  the  order  of  passage  and  the  number  of  boats. 

787.  Feeders  and  Reservoirs.  Having  ascertained,  from 
the  pre(!i-ding  considerations,  the  probable  snpply  whicli 
should  bo  coltcctcd  at  the  summit  level,  the  engineer  will 
next  direct  hi^ attention  to  the  sources  from  which  it  may  be 
procui-eri.  Theoretically  considered,  all  the  water  that  drains 
trom  the  ground  adjacent  to  the  summit  level,  and  abors  i^ 
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might  be  collected  for  its  snpply  ;  but  it  is  found  in  practice 
that  channels  for  tno  conveyance  uf  water  mnst  havo  certain 
plo|)ee,  and  that  tlieae  elopes,  moreover,  will  re<;iilate  the  sup- 
plv  fiiniishe^i  in  a  certain  time,  all  other  things  being  equal. 
In  makini;,  however,  the  survey  of  the  country,  from  wJiich 
the  water  is  to  be  supplied  to  tliesniiunit  level,  all  the  ground 
alMive  it  ghould  be  examined,  leavini;  tlio  detx^rmniatinn  of  the 
elopes  for  after  wmBidcrationB.  The  purvey  for  this  object 
consists  in  making  an  accurate  delineation  of  all  the  water- 
conrses  above  the  miniinit  level,  and  in  ftscertaining  the  quan- 
tity of  water  whicli  can  be  fumiahed  by  each  in  a  given  time. 
This  survey,  as  well  as  tb«  nieasnrcmcnt  of  the  qtiaiitity  of 
water  funiishcd  by  each  stream,  which  is  termed  the  lyaf/yi;!^, 
phonld  bo  made  in  the  driest  season  of  the  year,  in  order  to  a»- 
certain  the  minimum  supply. 

188.  The  uBual  metluKl  of  collecting  the  water  of  the 
Bonrces,  and  conveying  it  to  the  summit  level,  h  by  feederi 
and  reservoirs.  Th&  feeder  is  a  canal  of  a  small  cro»3  Bcction, 
which  is  traced  on  the  surface  of  the  groimd  with  a  suitable 
slope,  to  convey  the  water  either  into  the  reservoir,  or  direct 
to  the  summit  level.  The  dimensions  of  the  cross  section, 
and  the  longitiidiuHl  slope  of  the  feeder,  should  bear  certain 
relations  to  each  other,  in  order  that  it  shall  deli^'er  a  certain 
supply  in  a  given  time.  The  smaller  the  slope  given  to  tho 
fe+;Qer,  tlie  lower  will  be  tbo  jjohits  at  which  it  will  iiiten»ect 
the  eonrce*  of  supply,  and  therefore  the  greater  will  he  tho 
qoantity  of  wat«r  wtiich  it  will  receive.  This  slope,  however, 
£b8  a  practical  limit,  which  is  laid  down  at  four  inches  in 
1,000  yards,  or  nine  tlinn&and  base  to  one  altitude;  and  tho 
greatMt  elope  should  not  exceed  that  which  would  give  the 
current  a  greater  mean  vclo<;ity  than  thirteen  inches  per  scc- 
oTid,  in  order  that  the  bed  of  the  feoler  may  not  be  injured. 
Feeders  are  furnished  like  ordinary  canals,  with  contrivance? 
to  let  oQ  a  part,  or  tiie  whole,  of  the  water  iii  tiiem,  iu  cases 
of  heavy  rains,  or  for  making  repairs. 

hnt  a  small  proportion  of  the  water  collected  by  the  feed- 
ers is  delivered  at  the  reservoir ;  the  !«»  from  various  causes 
being  much  greater  in  tliem  than  in  canals.  From  obs'jrva- 
tioiis  made  on  some  of  the  feeders  of  canals  in  France,  wliich 
have  been  in  use  fi>r  a  long  period,  it  appears  that  the  feeder 
of  tlio  Briat-e  c&iin]  deli  vere  only  about  one-fourth  of  the  water 
it  gathers  from  its  sources  of  supply ;  and  that  the  annual  Io?8 
of  the  t^vo  feeders  of  the  Langu^loij  canal  amounts  to  IOC 
times  the  qiiantity  of  water  whicli  they  can  con*"'» 

7^.  A  lieiervoir  is  a  largo  pond,  or  bod* 
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reKrvefor  th«  neoesaan'  siijrpW  of  tlic  snimnit  level.  A  merl 
\x>ir  IK  iinu&lly  formed  or  cbooeing  a  euitable  title  <n  ■  d(  ^ 
and  uamiw  valley,  whica  liee  above  the  sTimmit  lore),  am 
eroctinir  a  dara  of  earth,  or  of  maeonry,  acrow  tl  e  outlet  of 
the  vaileTt  ^^  ^^  ROine  more  suitable  pfrint,  to  confine  the 
water  to  be  collected.  Tlie  obje<A  to  be  attaim-d,  In  this  raae, 
is  to  embody  the  greatest  volume  of  wati^r,  and  at  the  aaua 
time  present  the  smallest  eva{>orating  surface,  at  the  smalleeC 
cost  f^r  the  conBtruclion  itf  the  dam. 

It  is  generally  deemed  boat  to  have  two  reservoirs  for  the 
sapply,  one  to  contain  the  greater  quantity  of  water,  and  the 
other,  which  is  termed  the  diiftrthntintj  reservoir,  to  r^nlate 
the  supply  to  llie  summit  level.  If,  however,  tlie  summit 
level  IS  very  capacioas,  it  may  be  used  as  the  distributing 
reservoir. 

The  proportion  l>elween  the  quantity  of  water  that  falU 
upcm  a  given  siirfaf^c,  and  that  which  can  bo  collocrtcd  from 
it  for  the  supply  of  a  reservoir,  varies  oonsiderably  with  the 
latitude,  the  soason  of  the  year,  and  the  natural  featnrea  of 
the  locality.  The  drainage  it  greatest  in  high  latitudes,  and 
in  the  winter  and  spring  Beasons;  with  respect  to  the  natural 
features,  a  wooded  surftco  with  narrow  aud  deep  valleys  will 
yield  a  larger  amount  than  an  open  flat  eountrv. 

But  few  observations  have  l^cen  made  on  this  point  by  en- 
gineere.  From  tiome  liy  Mr.  J.  B.  Jer\'i8,  in  referent-e  U^  the 
reservoirs  for  the  (Jhenantjo  tanal,  in  the  Slate  of  New  York, 
it  appears  that  in  that  locality  alwut  two-ftftlis  of  the  quan- 
tity of  rain  may  be  collected  for  the  supply  of  a  reservoir. 
The  proportion  neually  adopted  by  engineers  is  one-third. 

The  hiss  of  water  from  the  reservoir  by  evaporation,  filtra- 
tion, and  otlier  uaiises,  will  depend  u^Kin  the  nature  of  tlie 
soil,  and  the  exposure  of  the  water  surface.     From  observa- 
tions made  u[K>n  some  of  the  old  re8er\oirfl  in  Kn»Iand  andj 
France,  it  appears  that  llie  daily  hjsa  averages  about  half  aai 
inch  in  depth. 

790.  The  dams  of  rescrroirs  hare  been  variously  con- 
fltmcted :  in  some  cases  they  have  been  made  entirely  of 
earth  (F^.  340) ;  in  others,"  entirely  of  masonry ;  anil  in 
othera,  of  earth  packed  m  between*  several  {>ara.llel  etona 
walls.  It  is  now  thought  best  t.o  luic  either  earth  ur  masonry 
alone,  according  to  the  circumstances  of  the  case;  tlic  com- 
parative expense  of  the  two  methods  being  carefully  trun* 
sidered. 

Earthen  dams  should  be  made  with  extreme  care,  of  the 
bait  binding  eailb,  well  freed  from  everything  that  might 
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cause  filti-attoiie.  A  wido  trench  should  be  cxcavatod  to  the 
firm  ooil,  to  receive  the  baee  of  the  dam ;  and  the  earth  ^ould 
be  carefully  spread  aud  raiiiined  iu  lavcrs  not  over  a  foot 
thick.  As  a  ^rtlier  prcuaiitioii,  it  has  in  fmine  instances  been 
thought  necessary  to  place  a  stratnm  of  the  best  day  pud- 
dling in  the  centre  of  the  dam,  roachinrf  fi-om  the  top  to  three 
or  four  feet  below  the  base.  The  dam  may  be  from  fifteen 
to  twoiiiv  feet  thick  at  top.  The  slope  of  the  dam  towards 
the  pond  ahonld  be  from  tnreo  to  six  base  to  one  perpendic- 
ular ;  the  reverse  slope  need  outy  be  S(.iiuewhat  greater  than 
tlie  natural  slope  of  tlie  earth. 

The  slope  of  dams  exposed  to  tlte  water  is  usually  faced 
witli  dry  stone,  to  protect  the  dam  from  the  action  of  the 
fiurtut:c  npp]i3.  This  kind  of  fotnng  liii.<;  nut  been  found  to 
witliritaiid  well  the  action  of  the  water  when  agitated  by  hif;h 
winds.  UjKin  some  of  the  more  recent  earthuii  dania  erected 
in  France,  a  facing  of  stone  laid  ii^  hydraulic  mortar  \ias  beeu 
Bubetituted  for  the  one  of  dry  atone.  The  plan  adopted  for 
this  facing  (Fig.  241)  oouaiats  iu  placing  a  series  of  low  walb. 
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iu  offseti  above  each  otlicr,  alon^  tlic  slopo  of  tbo  dam,  fX)ver 
ing  the  exposed  surface  of  eacli  offset,  between  the  top  nf  i>nc 
wall  and  tlio  ftx>t  of  the  next.,  with  a  coating  of  elal>iiione  laid 
in  nioitar.  Tlie  walls  are  from  lire  to  six  feet  hii^h.  The/ 
arc  ean-ied  up  in  ^mall  offsets  upon  tlie  face,  and  arc  made 
eiliier  vortical,  or  leaning,  on  the  back.  The  width  <»f  the  off- 
teU  of  the  dain,  Iwtween  the  top  of  uue  wall  and  the  foot  of 
the  next,  is  fiwni  two  (o  tliree  feet. 

An  arched  culvert,  or  a  large  cast-iron  pipe,  placed  at  some' 
suitable  jxtint  of  the  base  of  tlic  dani,  which  can  bo  ulos^ed  or 
opened  b v  a  valve,  will  serve  for  drawing  off  the  rcquiaito 
suj)ply  of"  water,  and  for  draining  the  reservoir  in  ease  of  re- 
paii-B. 

The  culvert  fthuitld  be  strongly  eunstmcled,  and  tlie  earth 
around  it  bewail  puddled  and  rammed, to  prevent  tiltratu»ii. 
Ita  size  sliould  be  sulhcient  for  a  man  to  enter  it  with  eaae. 
The  valves  mav  be  jjliiced  either  at  tJie  entrance  of  the  cul- 
vert, or  at  some  intermediate  ^mint  between  tlio  two  ends. 
Great  care  should  be  takeu  iu  their  arraugemeut,  to  secure 
them  fnnn  accidents. 

TrVTien  the  deptli  of  water  in  a  reservoir  is  considerable,  sev- 
eral culverts  should  be  constructed  {Fig.  340),  to  draw  off  the 
water  at  different  levels,  as  the  prossui-e  upon  the  lower  valves 
ill  tliis  ea«e  would  Iw  very  great  when  tlie  rceervoir  is  fuIL 
They  may  be  placed  at  intervals  of  about  twelve  feet  above 
each  olher,an(fbe  arranged  to  diBclmrge  their  water  in  a  com- 
ntou  vertical  siiaft.  In  ttiiAca^e  it  will  be  well  to  |>Iace  a  dam 
of  timber  at  the  outlet  of  tlie  bottom  culvert,  iu  onlor  to  keep 
it  ItUetl  with  water,  to  prevent  the  injury  which  the  bottom 
of  it  might  receive  from  tlie  water  diBmaqred  fixmi  tlie  upper 
culverts. 

The  side  walls  whicli  retain  the  eiuth  at  the  entrance  to  the 
culverts  should  be  arranged  with  gixwvea  to  receive  plecefl 
of  scantliu<;  laid  horizontally  between  the  walls,  termed  atvp*' 
planixy  to  ronn  a  temporary  dam,  and  cut  nff  tbo  WHter  of  the 
resenr'oir,  in  case  of  repairs  to  the  culverls,  or  to  the  face  of 
the  dam. 

'i1ie  valves  are  email  sliding  gates,  which  are  mised  and 
lowered  by  a  rack  and  pinion,  or  by  a  screw.  The  ernes  sec- 
tion of  the  culvert  is  contracted  by  a  partition,  cither  of  ma- 
sour)'  or  timber,  at  the  point  where  the  valve  is  placed. 

TSL   Dams  of  masonry  are  watcr-tigbt  walls,  of  suitable 
fonns  and  dimensiouB  to  prevent  iiUmtiou,  and  resist  the 
preissure  of  water  in  the  reservoir.     The  most  suitjilde  crosa-' 
fievtion  is  that  of  a  trapezoid,  the  face  towards  the  water  being 
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rertical,  and  the  exterior  face  inclined  wifii  a  suitable  batter 
to  give  the  wall  suflicieot  stability.  The  rail  sliould  be  it 
least  fonr  foet  ihlck  at  the  water  line,  to  prevent  filtration, 
and  this  thickness  may  be  increased  as  circumstaueee  may  seem 
to  rec|iiiro.  Hutt!f*a8e8  ahould  bo  added  to  the  exterinr  lacing, 
h>  irive  the  wall  gi-eater  stabilitv. 

792.  Suitable  dispositions  should  be  made  to  relieve  the 
dam  fnHii  all  surplus  water  during;  wet  6ea*ins.  For  this  pur- 
pwo  nrniTiixomeiits  ahooid  be  made  for  carting  off  the  fiources 
of  Bnpply  from  the  reservoir;  and  a  cat,  termed  a  w-witf-i/wir 
(Fig  :i42),  of  huitabloH-idthand  depth,  ehould  bo  made  at  some 
point  along  the  top  of  the  dam,  and  be  faced  with  Mime,  or 
wood,  lo  give  an  outlet  to  the  water  over  the  dam.  In  high 
dams  the  total  fall  of  the  water  should  be  divided  into  several 
partial  falU,  by  dividing  the  exteiior  surface  nver  which  the 
water  rnuH  into  offsets.  To  break  the  sliock  of  the  water  up* 
on  the  horizontal  surface  of  tJio  offset,  it  shnnld  he  kopr  cov- 
ered with  a  sheet  of  water  retained  by  a  dam  placed  across 
its  outlet. 
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m,  top  uf  t-tio  n«cc-«'i4r. 

ft,  tKul.  formal  bjr  k  ■top-pltMk  dktn  at  C,  to  brt»k  dwi  fftll  <(  tbe  wnut. 

d,  tnn  trine  "f  *""**  ■"">*  ■"  bn*k  U*  bU  of  Um  tratar  bom  Um  pool  abo**. 

793.  In  extensive  reservoirs,  in  which  a  large  snrface  is  ex- 
posed tt>  ihc  notion  of  tho  winds,  waves  might  bo  forced  over 
tlie  tt>p  iif  tlio  dam,  and  siiliject  it  to  danger ;  in  &ucli  casea 
tlie  precaution  should  be  taken  of  pla<.^iu^  a  parapet  wall  to- 
wai-us  the  outer  edge  of  tho  loo  oi  tlie  uaiu,  and  facing  the 
top  throughout  with  flat  stones  laid  in  mortar. 

794.  Ldft  of  looks.  The  engineer  is  not  always  left  frco 
to  select  between  the  two  eystenis  — tlmt  of  isuhiteo  locks  and 
locks  in  flights;  for  the  form  of  the  natural  fturface  of  tlia 
gmnnd  may  compel  him  to  adopt  a  flight  of  locks  at  certain 
points.  As  to  tlio  comparative  expense  of  tho  two  nietbods. 
a  flight  is  in  most  i.-At>cs  choiipor  than  the  Baine  nimiber  oi 
aiogle  locks,  aa  there  are  certain  parts  uf  the  maBonry  w 
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can  l>o  siippreseed.  There  te  al^t  an  economy  in  the  soppre*- 
sion  of  the  small  gate«,  which  ara  not  needed  in  HiKhte.  It  la, 
however,  more  dimcult  to  accura  the  foundatioiiB  of  combined 
than  of  single  looks  f  mm  the  effects  of  the  water,  which  force* 
its  way  fioui  the  upper  to  the  lower  level  under  the  locks. 
Where  an  activo  trade  is  carried  un,  a  double  fljc;fat  is  eome> 
times  arranged ;  one  for  the  ascending,  tho  other  for  the 
deecendiiig  boats.  In  this  cu8e  tlic  water  which  (ills  one  flight 
may,  after  tliu  paeeage  of  the  Ixal-,  be  partly  uaed  for  the  other, 
by  an  an-angcmeut  of  valves  made  in  the  aide  wall  separating 
the  locks. 

The  lift  of  locks  is  a  subject  of  importance,  both  aa  re^ 
the  cousum^tiou  of  water  for  the  navu^tion,  and  the  ecouomj^ 
of  constnicUoii.  Lucks  with  great  lifts,  as  may  be  seen  frum 
the  remarks  on  the  passage  of  boats,  consnme  more  wat 
than  those  witJi  small  lifts.  Tliey  require  also  more  care 
their  couatrudion,  to  preserve  them  from  accidents,  owing  to 
the  great  pressure  of  wat4.-r  against  llieir  sidee.  The  expense 
of  construction  is  otherwise  in  tlicir  favor ;  that  is,  the  ex- 
pense will  increase  with  the  total  number  of  locks,  tha, 
height  to  be  ascended  being  the  some.  The  smallest  lifts 
seldom  less  tlian  tive  feet,  and  the  greatest,  for  ordini 
c&naliB,  ni't  over  twelve  ;  medium  lifts  uf  seven  or  ei^ht  fe 
are  considered  the  best  inider  every  ptilnt  of  view.  This  is  a 
point,  however,  which  cannot  be  settled  arbitrarily,  as  the 
nature  of  tlie  foun<iatioi)s,  tlte  materials  used,  the  embank- 
ments around  the  locks,  the  changes  in  the  direction  of  the 
canal,  caused  by  vaQ'ing  the  lifts,  are  so  niany  modifying 
caui^s,  whicii  should  be  carefully  weighed  before  adopting  a 
definite  plan. 

The  lifts  of  a  flight  should  l»o  the  Bamo  throughout ;  but  in 
isolnti'd  locks  the  lifts  may  var\'  according  to  circumstancea. 
If  the  supply  of  water  from  tlic  sunnnit  level  rcquii-ee  to  be 
economized  with  care,  the  lifts  of  lo<^'ks  which  are  furnished 
from  it  may  be  lei«  tlian  those  lower  down. 

796.  Levels.  The  position  and  tho  dimcnuons  of  the 
leTels  must  be  mainly  determined  by  the  form  of  tlie  natural 
surface.  Those  points  are  naturally  chosen  to  pass  from  one 
lerel  to  another,  or  as  the  positions  for  tho  locks,  where  there 
is  an  abrupt  change  in  the  surface. 

A  level,  by  a  (Suitable  nioditication  of  its  cross  section,  can 
)>e  made  as  sliort  as  may  be  deemed  desirable  ;  there  being 
but  one  i^>oint  to  be  attended  to  in  this,  which  is,  tliat  a  boat 

Easing  between  the  two  locks^  at  the  ends  of  tJie  level,  wiU 
TO  time  to  enter  eitlier  lock  before  tt  can  ground,  on  tht 
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itupiMwitioQ  tliat  the  water  drawn  ofi  to  fill  the  lower  lock, 
uiiiiu  tilt!  boa4:  h  travorain}^  tlte  level|  will  jiiat  reduce  (be 
depth  to  the  tiraiight  of  the  boat. 

nve.  Locks.  A  luck  (Fig.  243)  may  be  divided  into  three 
difetiuct  parte:  1st.  The  part  inclujou  between  Uie  tu'ogBte8| 
wlvich  is  tenneii  the  c/tamlor.  2d.  The  part  above  tho  iipjM»r 
KatBS,  termed  the /<//■£■,  or  fieadrba}^  3d,  The  part  beluw  the 
lower  gatcft,  termed  the  afty  or  tml-bai/. 

TBI.  The  lock  chamber  mu&t  be  wide  enough  to  allow  mn 
easy  ingrees  and  ei^rcss  to  tho  boats  cotumoulr  used  on  tlia 
oaiial ;  a  surplus  width  of  one  foot  over  tho  witltb  of  tho  boat 
scroaa  the  beam  la  usually  deemed  sufHcient  for  this  purpcea.. 
The  length  of  the  clianiber  should  be  aleo  regulated  by  that 
of  the  ho&ts ;  it  should  be  such,  tliat  when  the  boat  entire  thu 
lock  from  the  lower  level,  the  tail-^tes  may  be  sliiit  without 
reqiiirin^  tho  boat  t"  uushij)  its  rudder. 

The  plan  of  the  ehamber  is  ueiiitHy  rectangiiloTf  as  this  form 
is,  in  every  respect,  superior  to  all  others.  I»  the  cross  emotion 
or  the  chamber  (Fig.  Si44)  the  sides  receive  generally  a  sl^ht 
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batter;  as  when  so  arranged  they  are  found  to  give  grater  fa- 
cility f«  the  passjige  of  the  boait  than  when  vertical.  The  bot- 
tom of  the  cDaml>er  \»  either  flat  or  enrved  ;  more  water  will 
be  required  to  Hll  the  tlat-buttomed  chamber  tlian  tJie  curbed, 
but  it  will  retpiire  less  tnnstmry  in  its  ctmstnictinn. 

'798.  The  chamber  Ia  Terminated  just  within  the  head  gates 
by  a  vertical  wall,  the  pliiu  of  which  is  usually  curved.  A» 
this  wall  separates  the  upper  from  rhe  lower  level,  it  U 
termed  the  kft<oaU;  it  is  usually  of  the  same  height  as  tho 
lift  of  the  levels.  The  top  of  the  lift-^vall  i»  funned  of  cut 
stone,  tho  verti»!al  joints  of  which  arc  normal  to  the  curved 
face  of  the  wall ;  this  top  e/iur^ie  projects  inmi  six  t/>  nine 
iuclics  above  the  bottom  of  the  upper  level,  pre<wuiirig  an 
angular  point,  for  tho  bottom  of  the  hoad-gatps,  when  shnr, 
to  rest  against.  This  is  termed  the  mitr^^W.  Varioiu*  de- 
grees of  opening  have  been  given  to  the  angle  between  tha 
two  bnitidie«  or  the  mitre-siU ;  it  is,  however,  gener&Uy  ao 
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determined,  that  tho  perpendicniar  of  the  iBosoeles  trianglet 
formed  by  the  two  braiiohcs,  shall  vary  between  oue-fifth  and 
one  Kixth  of  t}te  base. 

As  stone  mitre-6ilk  are  liable  to  iujtiry  from  tlie  bHocU  of 
the  gate,  thoj  are  now  usually  uuiiHtructed,  of  timber  (Fig.  245), 


Fig-  MP— a«|HMuuU  K  pho  of  ft  waeitm  BritrvHiH, 
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by  framing  two  Btroiig  beams  with  the  proper  angle  for  the 
gate  wheu  ulosed,  ana  securing  them  firmly  upon  the  top  of 
the  lift-wall.  It  will  be  well  to  place  the  top  of  tJio  raitre- 
8iU  on  the  lift-wall  a  little  lower  tluin  tho  bottom  of  the 
canal,  to  preserve  it  from  being  struck  by  the  keel  of  the  boat 
on  entering  or  leaving  the  loek. 

T99.  The  er<«8  section  of  the  chamber  walls  is  upoally 
trai'ozi.idal ;  the  facing  receives  a  alight  batter.  The  cham- 
ber walls  are  Qxjwsed  to  two  opiHieile  efforts;  the  water  in 
the  luck  oil  uue  aide,  and  tlie  embankment  against  the  wall 
on  the  other.  The  pressure  of  the  embankment  ia  tlie  greater 
as  well  a£  the  more  permanent  eff(.irt  of  tho  two.  The  di- 
mensions of  the  wall  must  Ite  regulated  by  this  pressure. 
The  usual  maimer  of  doing  thiii,  is  to  make  the  wall  four  feet 
tliiek  at  tbo  water  line  of  the  up^jer  level,  to  eceui-e  it  agaiubt 
filtration;  and  then  to  determine  the  base  of  the  batior,  eo 
that  the  mass  of  mftitonry  shall  present  sufficient  stability  to 
counteract  the  tendency  of  tho  pressure.  The  spread,  and 
other  dimensions  of  the  foundations,  will  be  r^ulaled  actxird- 
ing  to  the  nature  of  the  soil,  in  the  same  way  as  in  other 
structures. 

800.  Tiie  botUtn.  of  the  chanibery  as  has  been  stated,  may 
be  either  flat  or  curved.  Tho  flat  bottom  is  suitable  to  very 
firm  soils,  wliich  will  neither  yield  to  the  vertical  prcssm"e  of 
the  clmmber  walU,  nor  admit  the  water  to  filter  fruin  tlie 
upper  level  under  the  bottom  of  the  lock.  In  oittier  of  tho 
contrary  cases,  the  bottom  should  bo  made  witft  f"?  "tverted 
arch,  B8  this  form  will  opp(«e  greater  resista::  la  up- 

ward pressure  of  the  water  under  tii-  W  serve 

tc  distribute  the  weight  of  the  « 
foundation  under  tlie  an-h     Tb( 
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the  Imttom  will  depend  oo  the  vidth  of  dse  cluunber  and 
tlte  Dstare  of  the  »uiL  Were  the  aoil  a  aolid  njck^  no  bdCtom* 
ii^  wdiild  be  requt^le;  if  tt  ie  of  suft  mnd,  a  verr  eidid  hoc* 
tntntng,  from  three  to  lix  feet  in  thickii«a%  m^tt  ba  i»- 
qai'sitc. 

SOL  Tlie  principm]  danger  to  the  fuundatiana  mruat  fwwn 
the  vraier  wmch  m^  filter  from  the  upper  to  the  lower  lerel, 
under  the  botit^ia  uz  the  lock.  One  prerentiTe  fur  this,  but 
not  an  effectual  une,  ie  to  drive  sheeting  piles  across  the  cADal 
at  the  end  of  tbe  head-baj ;  another,  which  is  more  expeiua*«, 
bnt  more  certain  in  tt«  effects,  consists  in  formii^  a  de^ 
ireuch  of  two  or  lliree  feet  in  width,  ju8t  under  the  Head-lmrt 
and  filling  it  with  betou,  whieh  onitcfi  at  the  tup  with  the 
masonrv  of  the  head-bsT.  Similar  trenches  might  be  pUoed 
nnder  Oie  chamber  were  it  considered  neccaosry. 

802.  The  lift^ccU  osuallr  receires  the  aame  thicloietf  aa 
the  chaiitLier  walU ;  but,  unless  the  soil  is  T«rj*  firm,  it  woold 
Iw  more  prudent  to  form  a  general  mass  of  masourr  under 
the  entire  liead-hay,  to  a  level  with  the  base  of  tbe  elmraber 
fouinlntioji^,  of  wtiich  mass  tlie  lift-wall  shoold  form  a  iiart. 

803w  The  Keud'J/ay  it,  enclosed  between  two  parallel  walla, 
which  form  a  part  of  the  aide  walls  of  the  lock.  Thev  are 
terminated  bv  two  win^  walls,  which  it  will  be  fonnd  "most 
eiroiKitiiit-jd  In  mil  liotk  at  right  angles  with  the  side  walla. 
A  re(«8e,  termed  the  f/at€-<hamhcry  is  made  in  the  ■wall  of  the 
bead-bay ;  the  depth  of  this  recess  should  be  soffioient  to 
allow  the  gHte,  when  open,  to  fall  two  or  three  inchea  within 
the  facing^  of  the  wall,  eo  that  it  may  be  out  of  the  way  whea 
a  boat  is  pa^iii^ ;  the  length  of  the  receee  should  be  a  few 
inches  more  than  the  width  of  the  gate.  That  part  of  the 
recesB  where  tlio  gate  ttiros  on  its  pivot  is  termed  the  hotlovj 
quoin  ;  it  receives  what  is  tcrmod  the  heel^  or  ouoin'^^oMt  of 
die  Kate,  which  is  made  of  a  suitable  form  to  nt  tho'hollow 
qaom.  The  distance  between  the  hollow  quoins  and  the  face 
of  tbe  lift^wall  will  dej-K-nd  uii  the  pressure  ag»iiiat  the  mitre- 
sill, and  the  etrength  of  the  stone,  eighteen  inches,  will  gener* 
allv  be  fonnd  amply  sufBcient. 

^e  side  walls  need  not  extend  mnre  than  twelve  inches 
beyond  tlie  other  end  of  tlie  gate-chamlier.  The  wing  walla 
mav  be  extended  back  to  the  total  width  of  the  canal,  but  tc 
will  be  more  economical  to  narrow  the  canal  near  the  lock, 
and  to  extend  the  wing  walls  only  altont  two  feet  into  thu 
bauks,  oraidetf.  The  dimenBions  of  the  side  and  ^ng  wall^ 
of  the  head-bay  are  regulated  in  tlie  earte  way  as  the  cham- 
ber walls. 
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The  bottom  of  the  liead-bay  is  flat,  ind  on  tlio  same  \ove\ 
w!tli  tho  bottom  of  the  cirana)  ;  the  exterior  course  of  Btoned 
at  the  eutrance  to  the  lock  should  be  &o  jointed  as  not  to 
work  l(ji>se. 

804.  The  gate-chaiiihttm  for  tho  lower  gates  are  iniulo 
ill  the  chamber  walls;  aud  it  ia  to  be  obaervtM^  that  tlie  bot- 
tom of  tlie  chamber,  where  tlie  gates  awing  i)ack,  should  ba 
flat,  or  be  otlierwise  arranged  not  to  impe&  tlio  play  of  the 
gates. 

805.  The  sidt  waUt  of  the  (aff-bay  are  also  a  part  of 
the  general  Bide  walls,  and  their  thickneee  is  regulated  as  in 
the  pre<s!(ling  case*.  Their  length  will  depend  chiefly  on 
tlie  pret»sure  wliich  the  lower  gates  tlirow  againiit  them  wlien 
tlic  lock  ia  full;  and  partly  on  tiie  space  required  by  the 
luek-men  in  opening  and  shutting  gatee  manoeuvred  by  the 
balance  beam.  A  calculation  must  be  made  for  each  par- 
ticular case,  to  ascertain  the  must  suitable  length.  The  side 
walls  are  also  terminated  by  wing  walls,  piinilarly  arranged 
to  those  of  the  head-bay.  The  points  of  jnnction  l)ctween 
the  wing  and  side  walla  shouUl,  in  both  cases,  either  bo 
curved,  or  the  stonee  at  the  angles  be  n^unrled  off.  One  or 
two  perpendicular  grooves  are  st>metimea  made  in  the  side 
walls  ot^the  tail-bay,  to  receive  6tt>p-plauks,  when  a  tempo- 
rary dam  is  needed,  to  shut  off  tho  water  of  the  lower  level 
from  the  chamber,  in  case  of  repairs,  etc  Similar  arrange- 
ments might  be  made  at  the  head-bay,  bnt  they  are  not  indis- 
peiinable  in  cither  case. 

The  strain  on  the  walls  at  the  hollow  quoins  in  greater 
than  at  any  other  jmiuts,  owing  to  the  pressure  at  thoee 
points  from  the  gates,  when  they  are  shut,  and  to  the  action 
of  tho  gates  when  in  motion ;  to  counteract  this,  aud 
Btrengttien  tlte  walls,  hnttreseos  should  be  placed  at  the  back 
of  the  walls  in  the  rnoet  favorable  position  behind  the  quoins 
to  euliserve  tlie  object  in  view. 

The  bottom  of  tlie  tail-bay  is  arranged,  in  all  respects,  like 
that  of  the  head-bay. 

808.  The  tvp  of  the  9uie  walls  of  the  lock  may  l>e  from 
one  to  two  feet  abfjve  tho  general  level  of  the  water  iu  the 
upper  reach ;  the  top  course  of  the  masonry  being  of  hea\'y 
large  blocks  of  cut  stone,  although  this  kind  of  coping  is  not 
jndispcnsabte,  as  smaller  masses  have  been  found  to  suit  the 
same  pnrjxise,  hut  they  are  lees  durable.  As  to  the  masonry 
of  the  lock  in  general,  it  Is  only  necessary  to  observe  that 
tho^te  partd  alone  need  be  of  cut  »t*me  whore  there  if.  grcut 
Wear  and  tear  from  any  cause,  as  at  the  angles  generally  ;  oi 
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wliero  an  accurate  finiBh  ir  IndifipenftaMe,  m  at  I  he  IioTIrm 
quoins.  The  other  parts  may  bo  of  brick,  mbble,  betoii,  et<r. 
but  every  part  should  be  laid  hi  the  best  hydrniilic  ni'>rtar. 

807.  The  jiUint/  ti/fj  empfyinff  fh4  li>ck  t-Jhumht^r  tinre 
ffiven  rise  to  various  tlisctigsions  and  expt'riments,  all  of  which 
havo  boen  rcrIm!od  to  the  comparative  ad\aiilji|(ps  uf  letting 
the  water  in  and  off  bv  valreB  made  in  the  gatc!>  thetntw1v«!i^ 
or  by  cnlverts  iu  the  side  walls,  which  arc  oponcd  and  ahnt 
by  valves.  Wlien  the  water  is  let  in  tJirougli  valves  iu  the 
^tcs,  its  effects  on  the  aidee  and  bottom  of  nio  chntnlKir  are 
fonnd  lo  be  very  injiirions,  particularly  in  bi^h  lift-walls; 
besides  the  inctrnvenienee  resulting  from  the  nplatioii  of  the 
boat  in  the  lock.  To  obviate  thiB,  in  Boine  do^rot>,  it  has  been 
proposed  to  ^ive  the  liXt-wall  the  form  of  an  inclined  onr%*od 
surface,  alonj;  which  the  water  might  descend  witlioiit  pro* 
ducing  a  eliouk  on  the  bottom. 

808.  The  sid4  cuiverts  are  small  arched  conduits,    of  a 
circular  ur  an  elliptical  croes  section,  whiuh  are  rnado  iu  the 
mass  of  nia<^nin'  of  the  side  walls,  to  convey  the  water  from 
the  upper  level  to  the  chamber.    These  culverts,  in    Boine 
cases,  run  the  entire  length  of  the  side  walls,  on  a  level  with 
the  bottom  of  the  chaTuhor,  from  the  lift-wall  to  the  end  of 
the  tail-wall,  and  have  several  outlets  leading  to  tlie  t;hamlK>r. 
Thev  are  arranged  with  two  valves,  one  to  clo&e  the  uionth 
of  the  culvert,  at  the  upper  level,  the  other  to  close  the  out- 
let from  the  chamber,  to  the  lower  level.     This  is,  pcrhajja, 
one  of  the  best  arraugeraents  for  side  culverts.     They  all 
present  the  same  difficulty  in  making  repairs  when  tint  of 
order,  and  tbov  are  moreover   very  subjeut  to  accidenta. 
They  are  therefore  on  these  accomitaixiferior  to  valves  iu  the 
gates. 

808.  It  baa  also  been  proposed,  to  avoid  the  inconvenient 
of  culverts,  and  the  disadvantages  of  lift-walls,  by  suppi 
ing  the  latter,  and  gradually  increasing  the  depth  of  the 
npper  level  to  the  bottom  of  the  chambor.    This  meth^ 
presents  a  saving  in  the  mass  of  mniHuiry,  but  the  gates  wil 
coat  more,  ttA  the  head  and  tail  gales  must  1m)  of  the  sani< 
height.     It  would  entirely  remove  the  objection  to  valves  ii 
the  gates,  as  the  current'  tlm>ugh  them,  in  this  case,  would 
not  be  Bufhcieiitly  strong  to  injure  tlie  maiwinry. 

810.  The  fmttom  oftM  cantU  below  the  lock' should  be  pro- 
te<'ted  by  what  is  termed  an  apron,  which  is  a  covering  o£ 
plank  laid  on  a  grillage,  or  else  one  of  bntH]m*ood  ami  dry 
stone.  The  sides  nhiiuld  ftlst")  ho  faced  with  limber '.ir  dry  st^'iict 
The  length  of  this  facing  will  depend  on  the  ^trcugtli  of  tba 
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current ;  cencrflllv  not  more  tiiaii  from  fifteeD  to  thirtr  feet 
fruiii  the  IiK-:k  will  require  it.  The  entranc«  to  the  head-bay 
16,  in  Bonie  ca^es,  eimilarlj  protected,  but  this  if  nnuci^eeeary, 
iLSj  t)ie  current  hae  but  a  verv  slight  effect  at  that  puiitt. 

811-  IxKslis  conBtnu?te<J  of  timber  and  dry  etoiie,  termed 
oompo»ite-locl:9^  are  to  bo  met  with  on  scveml  of  the  canals  ot 
the  United  States.  The  side  walls  are  formed  of  dry  etone 
cai-efnlly  laid ;  the  sides  of  the  chamber  beitiif  fated  with 

r'lank  nailed  to  horizontal  and  iipridlit  timbei-8,  u-liich  are  (inn- 
V  secured  to  the  dry  stone  walls.  The  walls  rest  ni>on  a  plat- 
fonn  laid  njjon  hea%'T  beams  placed  transversely  lo  the  axia 
of  the  lock.  The  bottom  of  tlie  chamber  usually  receives  a 
double  thicknctjs  of  plank.  The  quoin-posta  and  mitre-sills 
are  f<»rmcd  of  heavy  beams. 
812.  Lock  Q-ates.    A  lock  gate  (Fig.  240)  is  compoeed  of 
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two  leave*,  each  leaf  consisting  of  a  solid  framework  covered 
on  tlie  side  towards  the  water  with  thick  plank  made  water- 
tight. Tlie  frame  usunlly  confiista  of  two  uprights,  of  pevcral 
horizontal  cross  pieces  let  into  the  nprights.  and  somerimes  a 
diagonal  piece  or  brace,  intended  to  keep  the  frame  f»f  an  in- 
variable form,  is  adderl.  The  upright,  around  which  the  leaf 
turns,  termed  the  grwin  or  heft-post^  is  rounded  off  on  the  back 
to  fit  in  the  hollow  qooin ;  it  is  made  Bliphtly  eccentric  with  it, 
BO  that  it  may  Inni  easily  without  rubbing  Lgninst  the  quoin  ; 
its  lower  end  rests  on  an  iron  ^idg/'on^  tf»  which  it  is  fitted  by 
a  corresponding  indentation  in  nn  iron  socket  on  the  end  ;  the 
npper  extremity  is  geciired  to  the  side  nulls  by  an  inm  cfi//ni\ 
wiuiin  which  tlio  pnpt  turns.  Tlio  collar  is  so  arranced  that 
it  can  be  eaijily  fastened  to,  or  Io<J6eued  frr  bars, 
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tenncd  atu-hor^ront^  which  arc  firmly  nttacheJ  br  holts,  or  a 
load  sealing,  to  the  top  course  of  the  walls.  One  of  the  anchor- 
irona  i«  placed  in  a  hno  with  the  leaf  when  &hiit,  Uie  other  in 
a  line  with  it  when  o]>cn,  to  resist  i[ii.it§t  effi'ciimlljt'  tlie  fitraia 
in  ihoW)  two  poeiliouB  i^f  the  jiHlf.  TIil-  opjHwiite  upright, 
terinud  the  -mitre^prnt^  has  one  ed&;c  Itcvclled  oti  to  fit  againat 
tlio  rnitre-wttt  of  ttie  other  leaf  of  the  gate. 

813.  A  long  heavj-  beam,  termed  tkoalance-heam^  from  its 
partially  balancing  tlie  weight  of  the  leaf,  rests  on  the  qaoia- 
poet,  to  wltich  it  is  socureu,  and  is  mortised  with  the  initre- 
poat.  The  balance-ltoam  should  l»o  alwint  four  feet  ab<ive  tlie 
top  of  the  lock,  to  be  readily  man4£urred;  its  princij>al  ase 
being  to  open  and  shut  the  loaf. 

814.  The  top  cixisa  piece  of  the  gate  should  be  about  on  a 
level  with  the  top  of  uxq  lock ;  the  bottom  cross  piece  slioidd 
swing  clear  of  tno  bottom  of  the  Luck.  T]te  position  of  th«| 
intermediate  cross  piccce  may  bo  inado  to  depcuJ  on  their 
dimensions :  If  they  are  of  the  same  dimensions,  they  should 
be  placed  nearer  together  at  the  bottom,  as  the  proaaure  of  th« 
water  is  there  grualest ;  but,  by  making  them  of  unequal  di- 
moTiriions,  tliuy  may  bo  placed  at  equal  distances  apart;  thia, 
however,  is  not  of  mucli  importance  except  for  large  gatetj 
and  considerable  depths  uf  water. 

The  plank  may  be  arranged  eitlier  parallel  to  the  nprightAy 
or  parallel  to  the  diagtjnal  brace ;  in  tlie  latter  jxisition  thef^ 
will  act  with  the  brace  to  preserve  the  form  of  the  frame. 

81&.  A  wide  board,  supported  on  bracketB,  ib  often  alHxed 
to  the  gates,  both  for  the  inanojavre  of  the  innchinery  of  the, 
Talves,  and  to  serve  as  a  foot-bridge  across  tlie  lock.    The' 
valves  are  small  gates  which  are  armnged  td  closti  the  open- 
ings made  in  the  j^tes  for  letting  in  or  drawing  off  the  water. 
They  are  arranged  to  slide  up  and  dowTi  in  grooves,  by  the 
aid  of  a  rack  and  pinion,  or  a  square  screw  ;  or  they  may  be 
made  to  open  or  shut  by  turning  on  a  vortir^il  axis,  in  wiiichi 
ease  they  are  termed  paddU  gates.     The  openings  in  the  up- 
per gates  are  made  between  the  two  lowest  cr(>88  pieces.     In 
the  lower  giiten  the  openings  are  placed  jnst  below  rho  surface 
of  tlie  water  in  the  reach.     The  sixe  of  the  o)>ening  will 
depend  on  the  time  in  which  it  is  required  t^  fill  the  IrH-U. 

816.  Accessory  Works.  Under  this  head  are  classed  those 
constructions  which  are  not  a  part  of  the  canal  pmper,  although 
generally  f<mnd  necessary  on  all  canals:  as  the  culverts  ^r 
conveying  off  the  watercourses  which  intersect  the  line  of  the 
canal ;  the  inlets  of  feeders  for  the  supply  of  water ;  aqueduct 
bridges,  eto.|  etc. 
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817.  CiUverts.  The  disposition  to  be  made  of  water-coursoa 
intersetitiTig  the  line  of  the  canal  will  depend  on  thoir  size, 
the  character  of  their  current,  and  the  relative  pwicions  of 
the  canal  and  stream. 

Small  hnioks  which  lie  lower  than  the  canal  may  be  con- 
veyed under  it  through  an  ordinary  cnlvert.  If  tlie  level  of 
the  canal  and  brook  is  nearly  the  »ame,  jt  will  then  be  net-ea- 
«arv  to  make  tbo  culvert  in  tlie  ahape  oi  an  inverted  eyphon, 
andi  it  ia  therefore  termed  a  broMen-^ack  culvert.  If  the 
water  of  the  brook  is  generally  limpid,  and  its  current  gentle, 
it  may,  in  the  last  i^se,  t>e  received  into  the  canal.  The 
communication  of  the  brook,  or  feeder,  with  the  canal,  should 
be  so  arranged  that  the  water  niav  be  shut  off,  or  let  in  at 
ploaRnre,  in  any  quantity  deaired.  For  this  purpose  a  cut  is 
made  thi-ough  the  side  of  the  canal,  and  the  sides  and  bottom 
of  the  cut  are  faced  with  masonry  laid  in  hvdrauHc  mortar. 
A  sliding  gate,  fitted  into  two  grmivea  made  m  tlie  side  walls, 
ia  mantBuvred  by  a  rack  and  pinion,  eo  as  to  regulate  the 
quantity  of  water  to  be  let  in.  The  water  of  the  feeder,  or 
brook,  should  first  be  received  in  a  basin,  or  reservoir,  near 
the  canal,  where  it  may  deposit  its  sediment  before  it  is  drawn 
oflF.  In  cases  whore  the  line  of  the  canal  is  crossed  by  a  tor^ 
pent,  which  brings  down  a  large  quantity  of  sand,  pebbles, 
etc.,  it  may  be  necessary  to  make  a  permanent  structure  over 
the  canal,  forming  a  channel  for  the  torrent ;  but  if  the  dis- 
charge of  the  torrent  is  only  periodical,  a  movable  fjliHuiiel 
may  be  arranged,  for  the  sanio  purpose,  by  constnicling  a 
boat  with  a  dei;k  mid  sides  to  form  the  water-way  of  the  tor- 
rent. The  boat  Is  kept  in  a  recess  in  the  caual  near  the  point 
where  it  is  need,  and  is  flouted  to  its  position,  and  sunk  when 
wanted. 

818.  Aqueducts,  «to.  When  the  line  of  the  canal  is  inter- 
Bected  by  a  wide  water-con i-se,  the  cfmimunicatiou  berween 
the  two  shores  must  be  effected  either  by  a  caual  aqueduct 
bridge,  or  by  the  boats  descending  from  the  canal  into  the 
stream.  As  the  construction  of  aqueduct  bridges  has  already 
been  oonsidered,  nothing  farther  on  this  point  need  here  be 
added.  The  expedient  of  crossing  the  stream  by  the  boats 
may  be  attended  with  many  grave  inconveniences  in  water- 
courses liable  to  fi-eshets,  or  to  considomhlo  vnriations  of  level 
at  different  season?.  In  these  cases  locks  nuist  bo  si>  arranged 
on  each  side,  whore  the  canal  enters  tlie  stream,  that  U'ats 
may  pass  from  tho  ouo  to  t\\v  other  under  all  cirt;unwtauee« 
of  diuerence  of  level  between  the  two.  The  locks  and  the 
portions  of  the  canal  which  ioin  the  stream  must  be  secured 
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acuinet  domnge  from  freshets  \>y  Biiitablo  eTnl>ai)fciiii?ntfi ;  ami 
wlion  the  RiimmRr  wnt«r  of  tlie  Btroflm  is  »>  low  tluit  the 
iiftvipuinii  woiikl  be  iiiipcdiMl,  a  dam  ncrotw  rliu  (•(ream  will 
he  rfquisile  to  secure  an  adequate  deplii  of  water  during  tJiii 
epoch. 

819.  Canal-Bridges.  Brid^rcs  fur  roads  over  a  canal,  termed 
ixtnai'hruftji'tt  are  t«n«trucled  like  other  strnctupes  of  tlio 
same  kind.  In  plaimitiff  them  the  engineer  shmild  endeaTO" 
to  give  Hutlieieut  height  to  tlie  bridge  to  prevent  thoee  acoi- 
dentft,  of  hnt  too  froqiioiit  (xjcurrciict!,  fnun  pereonB  Blanding 
uprifxht  on  the  deck  of  tlio  passage-boat  while  paaaing  under 
ahri'lgo. 

A  iLQvel  device,  whtuh,  on  acceunt  of  ite  dlroinutiTo  Bi'ze,  is 
hardier  worthy  of  the  name  of  a  bridge,  ia  iiAed  for  erofuung 
tlie  canal  at  William^purt,  Pennsylvania.  It  is  really  a  small 
pivot  bridge, so  oonalTueted  Uiataboat  may  putth  ito|ien  eillier 
wa}- at^  desired  as  it  passes  through,  and  which  will  close  itself 
after  the  boat  has  paEeud,  As  it  opens  it  inovea  up  an  in- 
cliiiej  plane,  &>>  that  \\fi-  weigtit  will  aid  in  uloehig  it  A 
weight,  which  is  attached  to  a  rope  at  one  end,  the  ropa 
pasbiiig  over  a  pulley  and  attached  lo  the  bridge  at  the  otlier, 
IS  alsfi  employed  in  closing  it. 

820.  Waste- Weir.  >\  a^te-weira  muftt  ho  inade  along  the 
levels  to  lot  off  the  surplns  water.  The  best  position  for  ihem 
is  at  points  where  they  can  discliarge  into  natural  water 
cimi-«es.  The  best  arrangement  for  a  wasto-woir  is  to  inak*- 
a  cut  through  tlie  side  of  the  canal  to  a  level  with  the  bottom 
of  it,  BO  that,  in  case  of  necessity,  the  wae.te-weir  may  also 
MTvu  for  draining  the  level.  The  i^idee  and  boituin  uf  the  cut 
must  be  faced  with  masonry,  and  have  grooves  loft  in  them 
to  receive  stop-plank,  or  a  sliding  gate,  over  which  the  »ur- 

Iihia  water  is  allowed  to  flow,  under  tlie  usual  circnmstaiices, 
int  which  can  bo  removed,  if  it  be  found  neceasarv,  eitJier 
to  let  off  a  larger  amount  of  water,  or  to  drain  tlie  level 
completely. 

821.  Temporary  Dama.  In  long  levels  an  accident  hap. 
pcning  at  any  one  point  might  cause  Berious  injnr^'  to  the 
navigation,  besides  o  great  loss  of  water.  To  jvrevent  thie,  in 
some  measure,  the  width  of  the  canal  may  be  diintnUhod,  at 
several  points  of  a  long  level,  to  the  width  of  a  lock,  and  the 
sides,  at  these  points,  may  be  faced  with  maeonn',  arranged 
with  grooves  and  stop-planks,  to  form  a  tompdrary  dam  for 
shnttmg  oif  the  water  on  either  side. 

822.  Tide,  or  Guard  Lock.  The  point  at  which  a  caaal 
enters  a  river  ret^uires  to  be  selected  with  judgnieuL     Geii< 
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erally  gpeakine.  a  bar  will  bo  found  in  tlie  principnl  water 
wtiiiw.  Jit  nr  bcfliiw  the  jiointa  where  it  re(*ivea  its  affluciitii. 
When  the  canal,  thort-fore,  foHowa  the  vallev  of  an  affluent, 
its  outlet  ghtinld  be  placed  bcluw  the  bar,  to  render  \U  navi- 
gation perinanentl;^'  R«cure  from  obstruction.  A  large  baitin 
ifl  usually  formed  at  the  outlet,  for  tlte  convenience  of  com- 
merce; and  the  entrance  from  this  basin  to  the  caual,  or  from 
tiie  river  to  the  basiu,  is  effected  by  mcaus  of  a  lock  with 
d.ouble  gates,  so  arranged  that  a  boat  can  be  passed  either 
way,  accoixling  as  the  level  in  the  one  ie  hip;her  or  lower  than 
that  in  tlio  other.  A  lock  m  arranged  is  tcruu-d  a  tuie  or 
Quard  lock^  from  its  uses.  The  poBition  of  the  tail  of  this 
lock  is  not  indififorent  in  all  cases  where  it  forms  the  outlet  to 
the  river ;  for,  were  the  tail  placed  up  stream,  it  would  br 
more  difficult  to  piiM  in  or  out  than  if  it  were  down  stream. 

623.  The  general  dimensions  of  canals  and  tlieir  locks  in 
this  country  and  in  EuR>i>e.  with  occasional  exceptions,  do  not 
differ  in  any  conBiderable  degree. 

English  Canals.  Two  classes  of  canals  are  to  be  met 
with  in  England,  diJlTcring  materially  in  Uieir  dimensions, 
Tlie  following  are  the  usual  dimensions  of  the  cni*is  section 
of  the  largest  size,  and  those  of  their  locks:  — 

Width  of  ftection  at  the  water  level,  from  36  to  40  foet. 

Width  at  bottom 24    " 

Depth 5     « 

Length  of  look  between  mitre-silla 75  to  80    " 

Width  of  chamlwr. 15     " 

The  Oftlc*donian  canal,  in  Scotland,  which  connects  Locli 
Eil  on  the  Western  sea  witli  Murray  Firth  on  the  Eastern,  is 
ixjniarkablc  for  its  aiite,  which  will  admit  of  the  passage  of 
frigates  of  the  second  class.  The  following  are  tlio  principal 
dimensions  of  the  cross  section  of  the  canal  and  its  locks  : — 

Width  of  canal  at  the  water  level 110  feet. 

Width  at  bottom 60    " 

Depth  of  water 20    " 

WidUi  of  berm 6    « 

Longtli  of  lo<!k  between  mitre-sills ISO    " 

Width  of  chamber  at  top 40    " 

Lift  of  lock 8    *' 

The  side  walla  of  the  locks  are  built  with  a  curved  batter, 
they  are  of  the  uniform  thickness  of  6  feet,  and  are  strength- 
ened by  counterforts,  placed  abont  16  feet  apart,  which  are 
4  feet  wide  and  of  tlio  Bame  thickness.  The  bottom  of  tlta 
<^tamber  is  fonned  with  an  inverted  ai*ch. 
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French  Canals.  Tn  Franco  tlie  fDllowing  aniform  BVHfcni 
tiafi  been  establisUed  for  tbe  dimeuaiona  of  canals  and  thou 
locks : — 

Wi<lth  of  canal  at  water  lerel 53  feet. 

"Width  nt  bottom 3S  to  36    " 

Depth  of  water 5    " 

I^iit^h  of  lock  between  mitre-ulla. 115    ** 

Width  of  lock 17    « 

The  Umt6  ndapted  to  these  dimensions  are  from  105  to  108 
feet  long,  10^  feot  auroes  tlie  beam,  and  have  a  drnughl  uf  4 
fccL 

Width  of  canal  at  top. 60  fcot 

Width  at  bottom SO    " 

Depth  of  water 6    ** 

Length  of  locks 100    « 

Width  of  lucks. IB    « 

The  HidcAti  canal,  which  oonnocta  Lake  Ontario  with  the 
River  Ottawa,  is  aiTant^  for  steam  navigation.  A  oonsidor- 
able  portion  of  this  line  consists  of  Black-water  navigation, 
f(ji"med  bv  ooiineuling  the  natural  water-conrses  Iwtween  the 
outlets  of  the  canal.  Tlie  length  of  the  Ifxiks  on  this  canal  is 
134  feet  between  the  mitre-silk  and  their  width  33  foot 

The  Wellaiid  canal,  boiwecii  lakes  Erie  and  Ontario,  as  ori- 
^iinllv  constructed,  received  tlie  following  dimooBionB: — 

Width  of  canal  at  top 56  foet 

Width  at  bf.ttora 84    " 

Depth  of  water , 8    " 

Lengfh  of  locks  between  roitrosills 110    *' 

Widthoflocks 22    « 

Tlio  canals  and  locks  made  to  avoid  the  dangerous  rapids 
of  tlie  St,  Lawrence  are  in  all  resueets  amon^  tlie  largest  in 
the  world.  The  following  are  llie  dimonsicpns  of  the  por- 
tion of  the  canal  and  the  locks  between  Long  Sanlt  and  Cora- 
wall:-  ^ 

Width  of  eansl  at  top. 133  feet. 

Widthat  Mtom 100    « 

Depth  of  water 8    « 

Width  of  tow  path. 12    « 

Length  of  locks  between  mitre-sills. 200    " 

Width  of  locks  at  top 50.6  " 

Width  of  locks  at  bottom 43    " 

A  berm  uf  5  feet  is  left  on  each  side  between  the  water 
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way  and  the  foot  of  the  interior  slope  of  the  tow-path.    The 
height  of  the  tow  ^wilh  is  6  feet  above  the  benn.     By  increas- 
ing the  depth  of  water  in  the  (anal  to  10  feet,  the  water-liiw 
at  top  can  be  increased  to  150  feet 
The  dimensions  of  the  Erie  canal  as  enlai^ed  are : — 

Width  of  canal  at  top,  with  bench  walls.. . .  81  feet 
Width  of  canal  at  top,  without  bench  walls.  75    " 

Width  of  cHual  at  waler  surface 70     " 

Widtli  of  canal  at  bottom,  with  l>ench  wall*.  42    " 
Width  of  canal  at  bottom^  without  bench 

walls S^  « 

Depth  of  water. T    " 

Width  of  tow-path 14    " 

Width  of  loiiks  at  lop 18    "  10  in. 

Width  of  locks  at  bottom 17    "  4i  in. 

Length  of  lock  (between  mitre^illa) 110    " 

824.  IfOcomotion  on  Canals.  In  early  tiroes  boats  were 
drawn  or  puslied  along  by  sen'auts  or  slaves.  Li  civilized 
countries  horses  and  ?nnle«  have  been  chiefly  used.  A  few 
vearB  since  Bevcral  att^^tnpta  were  made  to  use  Bteam  power, 
by  driving  the  boat  like  a  propeller,  and  althongh  it  would 
do  the  work,  yet  it  was  mostly  abandoned  after  a  few  months. 
The  wheel  created  ench  a  disturbance  in  the  u-ater  as  caused 
it  to  wash  the  banks  and  thus  damage  them. 

A  evBteni,  known  as  the  /ifl//ian  gynUm^  has  been  qniro 
extensively  used  in  R4ime  of  tlic  Enropeon  countries.  It  con- 
sists of  A  cable  which  passes  from  one  end  of  the  canal  to  the 
other,  and  ie  sunk  in  it.  It  is  wound  around  a  wheel  which 
is  at  one  .end  of  the  boat.  Steam  iwwer  is  applied  to  turn 
the  wheel,  and,  as  the  friction  of  the  rojie  on  the  wheel  pre* 
vents  it  from  slipping,  it  will  take  up  the  cable  on  one  side  of 
the  wheel  and  let  it  out  on  the  other,  and  thus  draw  the  boat 
along.  One  of  the  objections  to  this  plan  irt,  it  requires  a 
lsrc:e  amount  of  slack  cable  to  accommodate  a  large  traffic, 
ana  every  boat  must  draw  in  all  the  slack  every  time  it  passes 
over  the  oanah 

During  the  winter  of  1870-71  the  Legislatnre  of  the  State 
of  New  York  oflfered  a  prize  of  $100,000  to  the  party  who 
would  make  an  acceptable  mode  of  applying  steam  ft>r  prt>- 
pelting  canal  boats  on  the  canals,  and  no  plan  wasi  to  be  con- 
Biderra  which  involved  the  Belgian  system.  The  engineer  in 
charge  of  this  project  states  that  in  rrmnd  nnmU^rs  a  thousaid 
plana,  coming  Irom  alt  parts  of  the  world,  liare  been  presented, 
out  up  to  the  present  time  the  prize  has  not  been  awarded. 
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CHAPTER  IX. 


BIVKUS. 


8315.  I^aiUTol  fgaturts  of  Rivera,  All  riven  pi'esoiit  tha 
Bamc  natural  fenturea  and  phnnotncna^  wlimh  arc  inoro  or  leu 
fitrongly  inarked  and  divcTsified  by  die  character  of  the  r&> 
gion  through  which  they  flow.  Talang  their  rise  in  the  high- 
laiuU,  and  gradually  de^wnding  theiiuo  tu  w-uiio  lake,  or  eea, 
their  heds  ani  inoditied  by  the  nature  of  the  soil  of  the  val- 
lovfl  in  which  tliey  lie,  and  the  velocities  of  their  curreuts  ore 
oftccted  bv  the  same  uatise.  Near  their  sources,  tiielr  beds 
are  iisualfy  ruckv,  irregular,  narrow,  and  steep,  and  tbeii 
currents  are  rapid.  AppixAiOiing  (heir  outlets,  the  beds  bi> 
come  wider  and  more  rejjular,  tlio  declivity  less,  aud  the  cur- 
rent inoro  gentle  and  unifunn.  In  the  upjK'r  portions  of  the 
beds,  their  direction  is  more  direct,  and  tlie  obstnictioris  met 
witli  are  usually  of  a  permanent  character,  aricing  from  the 
intifjnalitie:^  uf  the  bottom.  In  tlie  lower  portions,  the  beds 
assume  a  more  tortuous  course,  winding  tlirongb  tlicir  val- 
leys, and  forming  those  abrupt  bends,  termed  dhtnoa,  which 
eoom  subject  to  no  £xed  \ti\v»;  and  hcra  arc  found  thotto  ob- 
Uriu^ione,  of  a  mure  changeable  character,  termed  ^r«, 
rbicU  are  raiiJted  by  deptisitea  in  the  bed,  arising  from  the 
wear  of  the  banks  by  the  current. 

QS6.  The  rclnlioiis  which  arc  found  to  exist  between  the 
«ro6a  section  of  a  river,  its  longitudinal  slope,  the  nature  of 
its  btid,  aud  its  volume  of  water,  are  termed  the  reginum  of 
the  river.  ^Vlien  these  relations  reuuiiu  pennnncntlv  invari- 
able, or  cliaiige  insensibly  with  time,  the  river  is  saiJ  to  have 
A  ^)ed  rttftrnen.. 

Most  rivere  acquire  in  time  a  tixed  rmmen,  althoiigh  peri- 
udically,  and  sometimes  accidentally,  subject  to  cimnges  from 
Ireshets  uausei)  by  the  melting  of  snow,  and  heavy  falls  of 
rain.  These  varialious  in  the  volume  of  water  thrown  into 
tlie  bed  cause  cori*cs ponding  cliangcs  in  the  velocity  of  tbo 
current,  and  in  the  form  and  dimcusiuiiB  of  the  bod.  TbeM 
cLuuiges  will  di^pend  on  the  character  of  the  soil,  and  tlie 
wiatti  of  the  valley.  In  narrow  valleys,  where  the  banks  do 
Hut  leadily  yiutd  to  the  action  of  tha  current,  the  effects  of 


491 


Rny  variation  of  velocity  will  only  be  temporarily  to  deepen 
the  bed.  In  wide  vallcya,  where  the  soil  of  the  banks  is 
more  easily  worn  by  die  current  than  the  buttons,  any  in- 
crease ill  the  volume  of  watei:  will  widen  the  bed ;  and  if 
one  bank  vields.  inuro  tliuu  the  oOier,  an  ellww  will  bo 
formed.  anS  the  poeitiun  of  the  bed  will  be  gradually  Bhifted 
towards  the  concave  side  of  the  elbow. 

827.  The  formation  of  elbows  occflsioiis  also  variations  in 
tlie  depth  and  velocity  of  the  water.  The  groateat  depth  is 
found  at  the  concave  side.  At  the  straight  portiuus  which 
connect  two  elbowB,  the  depth  is  found  to  decrease,  and  the 
Telocity  of  the  current  to  increase.  The  bottom  of  the  bed 
thus  presents  a  gcrica  of  undulations,  formuig  shallows  and 
deep  poolft,  with  rapid  and  gentle  currents. 

ffi28.  Bars  are  formed  at  those  pointa,  where  from  any 
causa  the  velocity  of  the  current  receives  a  sudden  check. 
The  pjirticlea  suspended  in  the  water,  or  borne  alunjf  over  the 
bottom  of  tlie  bed  by  the  current,  are  deposited  at  those 
points,  and  contiune  to  accumulate,  until,  by  the  gradual  fil- 
ling of  the  bed,  the  water  acquires  sufficient  velocity  to  bear 
fartlier  on  the  particli»  tliaE  reach  the  bar,  when  the  river  at 
this  point  acquires  and  retains  a  fixed  regimen,  until  dis* 
turbcd  bv  eoine  new  cause. 

828.  The  points  at  which  Uiose  changes  of  velocity  usually 
take  place,  and  near  which  bars  are  round,  are  at  the  junc- 
tion of  a  river  witli  its  affluents,  at  those  points  where  the 
bed  of  the  river  receives  a  considerable  increase  in  widths  at 
the  sti-ai^ht  portions  of  the  bed  tictweon  elbows,  and  at  tho 
outlet  of  the  river  to  tho  sea.  The  character  of  the  bars  will 
de[>eiid  upon  that  of  tho  soil  of  the  banks,  and  the  velocity 
of  the  current  Oenerally  si^aking,  the  bars  in  the  tipjKjr 
portions  of  the  bed  will  be  composed  of  pai-ticles  which  are 
larger  than  those  by  which  they  are  farmed  lower  down. 
These  accumulations  at  tho  mouths  of  lai^e  nvora  form  in 
time  extensive  shallows,  and  great  obstructions  to  the  dis- 
charge of  the  water  duruig  the  seasons  of  freshets.  The 
river  llien,  not  finding  a  siiHiciont  outlet  by  the  ordnuiry 
c'liaimtil,  excavates  for  itself  othere  timnigh  the  most  yielding 
parts  of  the  dopositcs.  In  this  mamier  are  formed  those 
leatures  which  cluinn-ttTizo  the  outlets  of  innny  large  rivers, 
and  which  are  tei-med  ddta^  after  the  name  given  to  tho  pe- 
culiar fihapo  of  the  outlets  of  the  Nile. 

830.  River  Improvements.  Thoro  is  no  subject  that 
falls  within  the  pronnce  of  tlie  engineer's  art,  that  presenti 
greater  difficulties  and  more  imcertaiu  issues  than  the  iiu- 
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provemwt  of  rivore.  Erer  Bubiect  to  important  iihangcA  in 
Lbcir  regimen,  ae  the  regions  i>y  which  they  are  fed  ara 
cleared  of  their  foroBte  and  brought  under  cultivation,  one 
century  sees  them  deep,  flowiog  with  an  equable  cnrrent,  and 
liable  only  to  a  grudual  incrca&c  in  volume  daring  the  eea- 
aoni!  of  frcshcl«;  while  the  next  finds  iheir  bode  a  prey  to 
Budden  and  great  freshots,  which  leave  Uicm,  after  tJieir  vio- 
lent passage,  obfltnicted  by  ever  shifting  bars  and  elbows. 
Besiues  these  rembitiuns  brought  about  in  llie  course  oi 
yeara,  every  obfttrnetioii  teinjtorarily  placed  in  the  way  of  the 
cun-ent,  every  attempt  to  guard  one  point  from  itB  action  by 
any  artificial  means,  inevitably  produces  some  corresponding 
■abanse  at  another,  which  can  seldom  be  forBBoen,  and  for 
whicn  the  remedy  applied  may  prove  but  a  new  cauHo  of 
harm.  Thut«,  a  bar  removed  from  one  point  is  found  gradu- 
ally  lo  form  lower  down ;  ono  bank  protected  from  the  cni^ 
rent's  foree  transfers  its  action  t«>  the  opposite  one,  on  an^ 
inureadc  of  volume  from  fi-csheta,  widemug  the  bed,  and 
frequently  giving  a  new  direction  to  the  channel.  Owing 
to  these  ever  varying  causes  of  change,  the  best  weighed 
plans  of  river  improvement  Boincttmes  result  in  complete 
failure. 

831.  In  fonning  a  plan  for  a  rtver  improvement,  the 
principal  objects  to  bo  conftidered  by  the  engineer,  arc,  iBt. 
The  ujeau!*  to  be  taken  U>  protect  the  bariks  from  the  action 
of  ihe  cnrrent.  2d.  TliMe  to  prevent  inundations  of  the  sur- 
rounding country.  3d.  The  removal  of  bars,  elbows  and  other 
uatui-al  oimtnictions  to  naviiration.  4tli.  The  means  to  be  re- 
Borted  to  for  olitairiing  a  HurtubUi  deuili  of  water  for  Ixfats,  of 
a  proper  tonnage,  for  the  trade  on  the  river. 

832,  The  erosion  of  the  banks  of  ri^-ers  is  often  the  main 
cau!-e  of  changes  in  tlicir  rei;tmcn,  such  as  the  formation  of 
sand  banks,  opening  new  fhunncLs,  change  of  thalweg.  This 
ontBiou,  ntoroovur,  is  very  pmjudicial  to  adjoining  property, 
and  should  be  strongly  opposed.  Various  means  for  attain*] 
ing  tliis  end  are  used.  Among  tlicdc  arc  rip-rap.  or  random 
Btonc,  paving  the  bankti,  phmtatioiiH,  tiinlicr  revotnicut,  itover- 
eriiigs  of  fasoinoH,  and  finally,  projocling  works  called  wing- 
dttuis,  Bimm,  jettioH,  or  dykee. 

Ist.  /i?yw(ii».— Rip-mp,  or  random  stone,  carefully  put  down 
and  properly  kept  up,  is  very  effective.  It  mav  bo  economical 
to  U80  it  when  stone  can  bo  oaeily  obtained.  A  trench  vhouldj 
bo  dug  at  the  foot  of  the  bank  and  carried  below  any  ex- 
pectcffficonr.  The  stone  should  then  be  thrown  in,  with  tlie 
smallest  pieces  at  the  bottom,  and  increasing  in  size  to  the  top. 
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TIio  blocks  on  top  alioiild  bo  heavy  cnongli  to  prevent  thoir 
being  wofllied  awav  bv  the  current. 

2<i.  J 'avinff. ^P&vcmciit&^  or  stone  revetments,  may  be 
eitlicr  vf  dry  stone  or  of  stone  laid  in  hydraulic  mortar. 
Dry  stone  ba&  the  a<1vantHjre  of  readily  adapting  itself  to  the 
Bliapo  of  the  ground,  but  it  lias  also  the  p;reat  disaOvantaure  of 
falling  in  entirely  in  case  the  foot  should  be  attacked.  With 
good  iiydraulic  luaaonry  a  thinner  pavement  and  stnallcr 
stones  may  be  utied,  and  wlien  a  scour  lakes  place  a:  the 
foot,  the  upper  \>an  of  the  revetment  forms  au  arch  wliieU 
may  stand  by  itself  until  re|>airs  are  made.  ^V1lutever  system 
be  followed,  the  f<K>t  of  the  jmvcntent  should  be  well  protoutcd 
witli  riprap  and  the  foundation  should  l>e  pnt  down  with 
great  care. 

3d.  /Plantations. — Plantations  also  give  a  good  protection, 
cspceiallv  for  the  upper  part  of  the  banks.  The  conmiou 
water  wiMow  is  exi*ellent  tor  this  purpose.  It  grows  quit-kly 
and  spreads  rapidly.  Willow  sticks,  about  a  foot  and  a 
half  long  and  an  iiicli  in  diatucter,  are  tituck  a  foot  into 
the  ground  aloitK  the  bank.  At  the  end  of  three  or  four 
years  the  plantation  will  have  become  a  sniuH  wutnl,  wliicb 
will  break  the*  current.  If  it  be  desired  to  make  ground,  the 
larger  branchee  toward  the  water  may  be  cut  half  tln-ongh, 
the  upper  endpointod  and  stuck  in  tbogmund.  Thie  gn.iwth 
beeomi'-s  very  tJiJck,  atid  the  water  willnii  it  almost  stagnant. 
At  each  rise  of  tlio  river  a  ircrtain  amount  of  deixisit  takes 
place,  and  the  new  ground  is  qniokly  matle. ,  On  tlie  Ohio  it 
has  been  found  that  willows  do  not  grow  below  Uie  six-feet 
stage;  consequently  thev  afford  no  protection  Imlowthat  limit. 
TUey  are  mainly  useful  to  prevent  the  wash  of  waves  and 
steamboats. 

4t,h.  Timber  r«wiOTe»^*.— These  are  only  mentioned  be- 
cause they  may  servo  a  good  purpose  in  an  emergency  for 
some  threatened  point,  but  for  general  work  they  are  too 
perishable  tu  be  of  much  value. 

Stli.  FoMcintM. — In  some  countries  a  great  deal  has  been 
done  for  tlie  protection  of  banks  by  means  of  revetments 
of  fascines.  The  elements  of  fascine  work  are  pickets,  fas- 
clues  of  lar-ce  and  small  size,  saplings,  fascine  nifls  or  mat- 
lres»M«,  hurdles,  reeds  and  straw.  In  Fram-c,  on  the  Rhine, 
fascines  have  been  employed  to  a  gi-eat  extent.  This  evstem 
is  now  but  little  used,  on  account  of  the  cost  of  materials  atid 
labor,  which  have  )>oth  increased  very  much;  on  the  other 
hand,  trRn»)[>orlntion  has  now  bcu>me  easy  and  clu-ap.  Were 
works  like  tliuse  on  the  ULine  to  be  built  to-day,  large  nw 
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^'oiilJ  doubtless  bo  made  of  masouiy  and  rip-rap,  as  these' 
could  Ik;  casil^j'  curried  by  rail. 

6th-  Wing-flamfi. — Fur  tlio  jirotectioii  of  the  hanks  of  tho 
Rhine  pi-ojeutiiig  fiiseino  worka  were  formei-Iv  used.  Tltesc 
wurc  called  win^-dama.Btmra,  or  jcUica,  and  were  phiced  iiDr> 
Dial  to  the  dinx'tiun  nf  tho  cnrrvtit.  It  was  fonnu  tliat  Ikcy 
were  fro»|iieiitl^'  uudenninud  hy  the  swmr  at  Uie  outer  ona, 
and  in  some  casefl,  when  nut  very  ectmrely  i-onled  to  tlic  bank, 
thu  i-ivur  cutaruiind  behind  thuni.  Tlic  result  of  cxpeiieiieo 
in  tho  use  of  u-in^-datiis  has  led  to  iheii-  abandonment  to  a 
great  extoiit.  However,  it  must  be  acknowledged  that  wiiig- 
dania  have  given  good  reeults  on  several  rivers  where  they 
have  been  propcrl}*  built  and  arranged,  and  where  care  haa 
boon  tiiken  tu  give  them  an  iuuliuation  iu  the  direction  of  the 
current.  Ou  the  Ohio  river  a  niimlx'r  of  dykes,  tir  wing- 
dams,  nearly  parallel  to  the  current,  liave  been  built  with 
excellent  resulw. 

83S,  Measures  against  inundations. — Many  ways  of  over- 
ooniing  floods,  and  pi*e\'cnting  the  djsaslets  that  arise  lliero- 
iroin,  have  been  proposed.  None,  however,  have  been  entirely 
successful,  and,  in  tlic  present  state  of  science,  tho  question 
^oo■ll8  tu  have  no  certain  eolution.  The  various  systems  pro- 
pflsod  are  as  follows:  Ist^  to  build  reccrvoiis  fur  holdinf^ 
back  the  hurtful  )>art  of  11iH)d8  and  chct'kiiii;  tlie  flow  of  the 
water;  2d,  levees  or  cnihankments  rai^d  aloni^'  tlie  sides  of 
tho  river;  3d,  eut-o£f  cuiuiIb  and  horizontal  ditches,  weira; 
4th,  re-wooding  and  i-csodding  hilU  and  inounlains. 

let  Ji^*ervotr9. — Damage  by  floods  arit^es  fioiit  two  canseB, 
tho  v(jluine  t>f  the  water  and  its  velocity.  The  former  acts  by 
submoming  buihliiigt*,  crojM,  etc. ;  tlte  latter  by  cutting  away 
the  hinu, carrying  away  stnictiircs  of  \arious  kiinlft.  Of  thcso 
tlio  ve](«;ity  is  probiihly  the  xnnrv  dcBlruclive,  and  the  i-emedy 
is  to  lessen  tho  voIt>eily.  This  tlie  partisnns  of  lbereger\oir 
svstoui  claim  can  be  best  accun]pliEUci.i  by  means  of  storing 
the  gi*cater  part  of  the  flood,  and,  when  it  subsides,  letting  off 
grmliially  the  accumulated  water.  Tho  opponents  of  the  pys- 
tem  elaiiii  that  it  would  bo  im]>o63ible  to  build  reservoiiii  of 
siirtit-ient  capacity  to  bold  back  any  a])pret'iablo  part  of  the 
falling  water.  Kurthcrniore,  the  water  held  in  dieck  on  (nio 
tributary  might  lie  let  loose  just  in  time  to  meet  thai  eoming 
out  of  another,  and  thus  nmke  tho  second  flood  much  worse. 
The  cost  of  these  reservoirs  would  bo  enormous,  and,  as  their 
necessity  is  fell  but  rarely,  the  expense  would  not  be  justified 
bv  tlie  value  of  the  projierty  pnitoeted.  If  built  across  a  larcro 
river,  they  would  bo  very  daugei-oaa  and  difficult  to  build. 
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T!iey  would  Biibmei^  valimMc  land,  stop  rafting,  etc.,  when 
balffull,  interfere  with  railroads  in  the  valley,  ete. 

2d.  Levees. — The  question  of  the  efHcacy  nt  levees  or  lonui- 
tudinal  tiiulanktiieiitii  is  still  a  point  untirttlv  imscttled  uy 
ongineera,  and  it  seotua  to  be  one  fm-  which  tfiere  ia  no  t<>ati8- 
faelory  eoliition.  Levees  have  heen  used  for  many  years  on 
the  Misttisz^ippi,  on  the  Po^on  the  Khine,  in  Ilnnj^nrv,  and  else- 
where. They  Bcetn  to  bo  the  nioet  natural  pruteetmn  against 
floods  and  the  one  that  would  pnjbably  be  first  adopted.  By 
confining;  the  water-way  of  a  river  the  height  of  flofids  » 
necfjisarilv  inerca8cd ;  therefore  ievues,  when  used,  should  not 
be  placcHi  too  near  each  other.  Kwipin;^  the  water  off  the 
land  pi-cvents  the  de]n«fiit  of  the  Boil  bronght  from  other 
points,  which  miffht  tend  to  enrich  the  ground  if  allowed  to 
settle  ihcro<.in.  The  banks  of  all  rivers  in  alluvial  lands  are 
bighcBt  n€>ar  the  river,  eonseqnently  whenever  a  levee  is  nnder- 
mined  if  a  new  one  be  biiih  it  mnst  be  on  lower  ground^  and 
therefore  higher  and  more  expensive.  The  nuestion  of  leveee 
must  bo  carefully  studied  for  tho  jvarticular  locality  to  be 
pnitected. 

3d,  Cut-off'  cariala  and  korlxontal  dUcft^a. — Tho  idea  of 
cut-off  canals,  wlieroby  tho  water  of  a  freshet  can  be  drawn 
away  from  tho  river,  is  verv  pleasing  and  apparently  very 
feasible,  but  when  it  is  exammed  in  detail  eevcnil  serious  ob- 
jections are  encountered.  The  cost  would  be  very  great. 
fo  obtain  any  slope  for  them  the  entrance  for  tlie  water 
would  liave  to  be  placed  so  far  np  streatn  that  only  a  sinall 
portion  uf  tbe  surplus  water  eould  bo  taken.  To  find  an  out* 
lei  is  still  more  diSlculL  If  the  canal  be  not  continued  to 
tlie  sea  it  would  Iiave  to  bo  returned  to  the  river,  aud  the  evil 
would  only  be  changed  from  oiio  point  to  another.  Nearly 
tho  aaniQ  objections  apply  to  lionzontal  ditches  cut  in  the 
side  8lo|>e8  of  tlie  valley  of  the  stream.  The  water  would 
have  to  rettiru  to  the  river  and  the  evil  would  be  unaliatcd, 

4th.  Iicwoo*itn'j  and  rcjfoddhi'j  hillsiden. — While  it  is  not 
yet  conelusivoly  shown  that  forcsta  liave  any  special  influence 
on  tlic  amount  of  rain-fall,  it  is  now  generally  admitted  that 
they  liave  a  great  bearing  fm  freshets,  because  mcy  hold  back  a 
great  deal  of  water  from  tho  ground,  and  wlial  dt-we  fall  is 
made  lo  pass  off  gradually  instead  of  suddenly,  as  is  tho  case 
in  unwoodcd  countries.  S'jd  lias  mucli  the  same  effect  a6 
woods.  Covering  the  ground  with  w<h.m1s  and  grass  iticreasea 
tbe  length  of  the  freshet,  and  conewjncnlly  chocks  its  violence, 

834.  Elbows.  The  constant  wear  uf  the  bank,  and  shift- 
ing of  the  chaunel  towards  the  concave  side  of  elbows,  have 
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led  to  variuuB  plaus  for  removing  tho  inuonvciiicnces  which 
tliey  present  to  iiavl^tioiu  Tlie  metlitxl  which  has  been 
iuu6t  guiiui-ullv  tried  for  this  purinHC  coiisiBtB  in  biiildiiig  out 
djltcs,  torinua  wi;iy-f/a;/wf,  ii-om  the  cuiieavo  gido  into  tlio 
Blrcttiii,  ptacirij;  thoiu  fithur  ut  riglit  angles  to  the  thread  uf 
the  eurrent,  or  obliquely  down  etreatn,  &u  as  to  detlucl  the  cur- 
rent towards  the  o]>p*«ite  ehoro. 

Wing-duina  nrc  usually  coiistmctod  either  of   blocks  of 
etono^  uf  crib-work  ioniiod  of  heavy  tinibcra  tilled  in  with, 
brokeu  Btone,  or  of  altoriiute  layera  uf  gravt^l  aud  fubciiu 
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the  IncUnnl  |dn*B  «tf  the  rilM. 
a  h  sail  fr  c  Indliinl  Taova  of  tb«  ikun,  th»  Om  mJrtng  an  ugl*  ul  fl9*,  vaA  tba  Mccnd  •(  '- 

with  Ui«  hortion. 
4  Mill  a  >i«ow  of  Iba  nb. 
/uid  (rnorliuBWl  pIodb  i»piwwUi»«  tbo  rllM. 

Witliiu  H  few  yeai-H  bat^k,  wing-dams,  eonsiBting  eiinply  of  a 
series  of  vertiad  frauiea,  or  rilrt  (Kig.  £47),  sti-ongly  coii- 
ii(H:ted  together,  and  covered  on  the  uivsti'eaiu  aide  by  thick 
plank,  which  preaent  a  broken  inclined  plnne  to  the  cuiTenl, 
the  lower  part  of  whicli  is  less  steep  tliaii  the  up|)Cr,  have 
beun  nwd  upon  the  To,  with,  it  ift  RlAted,  complete  siicci 
for  arresting  iho  weiir  uf  a  baidc  by  the  currant.  Thi 
danm  arc  placed  at  Bonio  dSetunce  above  tlio  p<^irit  to 
protected,  aud  their  plan  is  elightly  convex  on  the  up-atrei 
Bide. 

W)ng-<lamfl  of  the  ordinary  fonn  and  constmction  are  now 
regarded,  from  the  experience  of  a  long  eeriea  of  yuarb  on  tlio 
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Rhine  and  some  otlier  rivers  in  Europe,  aa  little  Berviceable, 
if  not  poeitivclv  Imrtfiil.  aa  a  river  iinpnnxMneiit,  and  tlte 
abandon  tiicnt  nf  their  uao  has  been  Blronglj^  urged  hy  ciigi' 
neem  in  Frani*. 

The  fiotion  of  the  current  against  the  side  of  the  dam 
causes  whirla  and  comiter-curronts,  which  aro  fnund  to  no- 
doniiinc  the  biuie  of  tliu  daiit,  niul  the  bunk  udjit«ent  to  it. 
Shallows  and  bars  arc  formed  in  the  bed  of  the  stream,  near 
the  dam,  by  the  debris  borne  idong  by  the  curreut  after  it 
pas&ea  the  daiu,  tfivin|^vcr_v  frequently  a  more  toitu'nis  cotirec 
to  the  channel  (liaii  it  had  natiirallv  aseumcd  in  Uio  clliow. 
The  best  method  yet  foiiod  of  arresting  the  progress  of  an 
elbow  is  to  i)rotect  the  lmiicbvo  bank  by  a  laeniff  of  dry 
Blone,  formed  by  throwing  in  hnise  blocks  of  stone  along  the 
foot  of  the  bank,  and  giving  them  tlie  slope  they  naturally 
aasntnc  when  thus  thrown  in. 

Wiug-walls  wei-e  pnt  into  the  Ilndson  Rivor  mauy  years 
since  (or  the  purpose  of  removing  the  bars  and  improving 
the  stream  fi^'  navigable  purposes.  The  result  has  been  that 
Ihev  priidneod  a  eoonr  in  the  narrowed  part  of  the  stream, 
which  removed  tlie  &atid  and  other  materials  of  the  bar  to 
points  lower  down  in  the  stream,  where  it  was  again  de(x»- 
iled  ;  thus  removing  the  previous  obstruction  only  to  prf»duec 
a  W(ir»e  one  in  a  new  place. 

Oen.  Tolten,  in  an  al)le  report  to  t!ie  GtAxnnnont  on  the 
improvement  oi  rtvens  having  bare,  uhowed  verv  clearly  the 
error  of  attempting  to  inipit>ve  rix"crs  by  means  or  wing-daiiis. 
He  ree(»mmended  the  establisliment  nf  a  unifurm  channel  by 
longitwiinal  dykes,  made  of  contiuuous  piles  or  of  walls  of 
masonry.  Tliis  plan  has  been  adopted  more  recently  and 
with  good  results. 

835,  Klljowfl  upon  most  rivers  finallv  reach  Uiat  state  of 
development  in  whicJi  tlie  wear  uixm  tbe  concave  side,  from 
the  action  of  the  current,  will  be  entirely  suspended,  and  tlie 
n^imon  of  the  river  at  these  points  will  remain  stable.  Tbis 
state  will  de)»eud  upon  the  nature  of  the  soil  of  ihc  banks 
and  bed,  and  the  character  of  the  freshets.  From  4>hserva> 
tions  made  upon  the  RItinc,  it  is  stated  that  elbows,  with  a 
radius  of  curvature  (»f  nearly  3,000  yards,  preserve  ft  fixed 
regimen  ;  and  that  the  bmiks  of  those  which  nave  a  radius  of 
abimt  1,500  yards  are  seldom  injured,  if  properly  faced. 

836.  Attem])ts  have,  in  some  cases,  been  made  to  shorten 
and  straighten  the  ofiurso  of  a  ri%'er,  by  ending  across  the 
tongue  of  land  that  forms  the  convex  bank  of  the  cllmw,  and 
turning  the  water  into  a  new  chaunel.     It  lias  generally  been 
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fonnd  tliat  the  etreftm  in  time  forms  for  itself  a  now  bod  of 
nearly  tltc  same  character  as  it  ori^itially  had. 

837.  Bars. — Tu  ubtaiu  a  enfiiuitriit  do^ttli  of  witter  orer 
barB,  tho  du|)*)fiit  must  cither  be  ecixipcd  ini  Uy  innchtiierjr 
and  he**oiive>ed  away,  or  he  remnved  ij.v  giving  au  iiicrPAsed 
Telocity  to  the  current.  "Wlien  the  latter  plan  is  preferred, 
an  artificial  channel  is  formed,  by  ct»ntrai-tiiig  tlio  iialnnu 
way,  confining  it  between  two  tow  dykes,  u-liicli  ^huuld  rite 
only  a  little  anovo  tiic  ordinary  level  of  low  water,  so  Uiat  a 
Buffauicnt  outlet  may  bo  left  for  tlie  water  during  tJie  eeaeoa 
of  freshets,  by  allowing  it  to  flow  over  tlio  d«ni». 

If  ihu  river  separates  intu several  channels  at  tho  bar,  dams 
alioald  he  built  across  all  except  the  main  channel, st>  tliat  by 
throwing  the  whole  of  the  water  into  it  the  effecla  of  tlxc  cur- 
rent may  be  greater  njxin  tlio  bed. 

Tiie  lon^irnilinat  dykes,  between  which  the  inain  crhaunol 
is  contiiieu,  should  be  placed  as  nearly  as  practicable  in  the 
direction  which  tho  channel  has  naturally  assumed.  Tf  it  be 
deenunl  lulvlsable  to  change  the  jKtsition  of  the  ehatmel,  it 
should  Ix!  shifted  to  that  side  of  Uie  bed  which  will  yield  must 
readily  to  the  action  of  tho  curieiit. 

838.  In  situations  where  1arg<'  reservoirs  can  be  formed 
near  the  bar,  the  water  from  them  may  be  n&ed  for  removing 
it.  For  this  purpose  an  outlet  is  made  from  the  reservoir,  in 
the  direction  of  the  bar,  which  is  closed  by  a  gate  that  turua 
njxm  a  vertical  axis,  and  is  so  arranged  that  it.  can  lie  sudden- 
Iv  thrown  oi)en  to  let  off  the  water.  The  cliaso  t>f  water 
formed  in  this  way  sweeping  over  tho  bar  will  prevent  tho 
accnuMilation  of  deposits  uptm  it.  This  plan  in  frcqiicntljr 
re^irted  to  in  Ktinripe  for  the  removal  of  dei>i#its  that  aex^'ii- 
mnlate  at  the  raontb  of  harbors  in  those  localities  whci-e,  from 
the  height  to  which  the  tide  rises,  a  great  head  of  water  can 
bo  obtained  in  the  reservoirs. 

839.  In  the  improvement  of  the  niontbs  of  rivor«  wliicb 
empty  into  the  sea  tlu-ough  several  channels,  no  obstrnetion 
ehould  be  placed  to  the  free  ingress  of  the  tides  tlu-ongh  nil 
the  channels.  If  the  main  channel  is  subject  In  obtiirneiiont 
from  depiteils,  dams  should  be  built  across  the  sei  ondary 
channels,  which  may  bo  so  arranged  with  cuts  ihn'Ugh  them, 
closed  by  gates,  that  the  fiood-ticTe  will  meet  with  no  ointruc- 
tion  fi-oni  tho  gates,  while  the  ebbtide,  causing  the  gat««  ta^ 
close,  will  l>e  forced  to  recede  through  the  main  i-liaancl^ 
which,  in  this  way,  will  be  daily  scoured,  and  freed  from  de- 
posits by  the  ebb  current.  The  same  object  ina}  be  t.nected 
o^  building  dams  without  inlets  across  the  secondary  channels^ 
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giviojif  tliem  eueh  a  heif^ht  that  at  a  certain  stag©  of  the  flixid- 
tidu  tlio  water  will  fl<iw  over  thorn  ami  fill  llio  cliaiinoUahovti 
tliu  (lams.  The  portion  of  wat<:r  thiia  darnined  in  will  bo 
forced  through  tlio  main  clianncl  at  the  ebb. 

840.  When  the  bed  is  oWnictcd  by  rocks,  it  niav  be  deep* 
onod  bv  blasting  the  rocks,  and  removing  the  fi-a^pnents  with 
the  assistance  ox  the  divtng-bell  and  other  machinery. 

e4L  In  some  of  our  rivere  obstniutions  of  u  ver^v  dnn^er- 
ons  character  to  boats  are  met  with,  in  tlio  trunks  of  lari^e 
trees  which  are  embedded  in  thob<»ttom  at  one  end,  while  the 
other  is  near  the  surface ;  they  are  termed  s?taff»  and  smcyers 
by  the  buatrncn.  The&o  obstruct  ion  b  have  been  very  succeed- 
fully  ramiivod,  witiiin  lalo  years,  by  means  of  maehinerv,aud 
by  propelling  tvro  lieavy  Ijoats,  moved  by  steam,  wliicli  arc 
connected  by  a  strong  beam  across  their  Iraws,  so  that  the 
beam  will  Btrtlie  the  6na>r,  and  either  break  it  off  near  the 
bottom  or  upiiiot  it-  Other  obstrnctionR,  termed  riifi«y  form- 
ed by  the  accumulation  of  drift-WfKMi  at  jroinis  of  a  river's 
course,  are  also  found  in  some  of  our  western  rivers.  These 
are  also  in  process  of  removal,  by  cutting  tlirongh  tliem  by 
varii>ns  means  which  have  been  found  euoccssful. 

842.  Slack-water  Navii^ation. — When  tlie  general  depth 
of  water  in  a  river  is  insuflicient  for  tlio  djunglit  of  hosts  of 
the  must  suitablo  size  for  the  trade  on  it,  an  improvement, 
termed  slaoU-watcr  or  lack  ami  Jjhu  uam^ution,  is  rewirtod 
to.  This  consists  in  diviilini;  the  w>ursn  into  several  suitable 
ponds,  by  forminj;^  dams  to  keep  tlie  water  in  the  pond  at  a 
constant  head;  and  by  pas>iing  from  one  pond  to  another  by 
locks  at  the  ends  of  the  dame. 

843w  The  position  of  the  dams,  and  the  nnmber  required 
^vill  depend  upon  the  locality.  lu  streams  subject  to  heavy 
freshets,  it  will  genenillv  be  advisable  U)  place  the  dams  at 
the  widest  parts  of  tlie  bed,  to  obtain  the  gi-catest  cutlet  for 
tht>  water  over  the  dam.  The  dams  may  be  built  either  in  a 
straight  line  between  the  batiks  and  perpendicular  to  the 
thread  of  the  current,  or  they  may  be  in  a  straigtit  line  ob- 
lique to  the  current,  or  tlicir  plan  may  bo  curved,  the  convex 
anrfaoe  being  np-streain,  or  it  may  be  a  broken  line  present- 
ing an  angle  np-streani.  The  lastthree  fonns  oflFer  a  greater 
outlet  than  the  first  to  the  water  that  flows  over  the  dam,  but 
are  more  lialile  to  cause  injury  to  the  bed  Inflow  the  stream, 
fn^iii  the  oblique  direction  which  the  current  may  receive, 
arising  from  tlie  form  of  the  dam  at  top. 

844.  The  cross  section  of  a  dam  is  nsnally  trapezoidal,  the 
face    Qp-streain   being  inclined,  and   the   one  down-etream 


004 


CITIL   IvKOIKKHKISO. 


cither  rerticft!  or  inclined.  When  tliD  down-stream  face  i< 
vertical,  the  velocity  of  the  water  which  Hows  over  the  dam 
is  dcstn>vcJ  by  the  aliock  ugniiiat  Lliu  water  uf  thi?  jKJiid  btilow 
tho  dull),  hut  wliirls  are  formed  whii^h  are  iiiitre  tluslrnctt^'c 
to  the  bed  than  would  bo  the  action  of  the  cnrrent  ujxm  it 
along  the  inclined  face  of  n  dam.  In  all  ca6e«  the  sides  and 
bed  of  the  etrcani,  for  some  distance  below  the  dam,  t^hontd 
be  j)POle<'ted  fmin  the  actinit  of  the  current  by  a  facin/;  of 
drv  Btone,  timber,  or  any  other  couetmction  of  snfficient  dnra- 
bility  for  the  object  in  view. 

845.  Tlio  daniu  ehonld  receive  a  Hiifficicnt  hcij^ht  only  to 
niairitiilit  the  re<jul«'ilc  depth  of  water  in  the  i>nnd6  for  tlie 
pniposcs  of  navigation.  Any  material  at  hand,  offering  BulH- 
cient  durability  againM  the  action  of  the  water,  may  l>c  re- 
sorted to  in  their  construction.  Dams  of  alternate  layers  uf 
brimli  and  gravel,  with  a  facin^f  uf  pUink,  fiificines,  (»r  dry 
stone,  answer  very  well  in  gentle  cnrrenta     If  the  dam  is  ex- 

!x»cd  to  heavy  freshets,  to  sliocks  of  ice.  and  other  heavy 
Irmting  bodies,  as  drift-wood,  it  would  be  more  prudent  to 
form  itof  dry  stone  entirely,  or  of  crib-work  filled  willi  stone; 
or,  if  tlie  hiBt  material  cannot  bo  obtained,  of  a  solid  cHb-work 
alone.  If  tlio  dam  itt  to  be  made  water-tight,  sand  and  gravel 
in  suflicient  quantity  may  be  thrown  in  ai^uust  it  in  tlio 
upper  pond.  Tlie  points  where  the  dam  j(tiii8  the  bunks, 
wliich  are  termed  llio  roois  of  the  iliiin,  re(]nin>  parlii-iilar 
attention  to  prevent  the  water  innn  tilleriiiij  aronnd  tlicin. 
The  ordinary  precatition  for  thia  is  to  builcT the  dam  some 
distance  back  into  the  banks. 

846,  The  bufv^t  means  of  conniinnieation  between  tlie 
pnnds  is  by  an  ordinary  lock.  It  should  be  placed  at  one 
extremity  of  the  dam,  an  excavation  in  the  hank  being  made 
for  it,  to  secure  it  fi>nn  dama^  bv  floating  bi>dius  bruughi 
down  by  the  current.  Tlic  sides  of  the  h»uK  and  a  [Kirlion  <rf 
tlie  dam  near  it  shoidd  l>c  raised  suflictenily  liigh  to  pi-event 
them  from  boinc  overflowed  by  the  heaviest  freshets.  When 
[he  height  to  w-liich  the  freshets  rise  is  great,  the  leaves  of 
the  head  ;;atc$  should  be  formed  of  two  parts,  as  a  single  louf 
would,  fmm  its  size,  be  tixi  miwieldly,  the  lower  poi-tion  being 
of  a  suitable  heighi  for  the  ordinary  maiiffiuvres  of  the  lock; 
the  upper,  being  used  only  during  the  freshets,  are  so  ar- 
raiigC'l  tlml  their  bottom  cross  pieces  shall  rest,  when  Ihe 
gates  are  closerl,  iigiiinst  iho  lop  of  the  lower  p>rt  ions.  An 
arrangement  somewhat  similar  to  this  may  be  made  for  ihe 
tail  gates,  when  the  lifts  of  the  locks  are  great,  to  avoid  the 
ditticuliy  of  mauwiivriug  very  high  gates,  by  permanently 
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closing  the  upper  part  of  tlio  entrance  In  tlie  lock  ftt  tbe  tail 
giite^,  either  by  a  wall  bnilt  liatween  tbe  fiido  wall?,  or  by  n 
permanent  fmmework,  below  which  a  BuiUcient  height  ia  left 
for  the  boat*  to  pass. 

847.  The  fixed  dnms  used  in  Black  water  navigation  present 
one  great  objection,  viz.,  that  during  penods  of  niodiuiii  hij^li 
trater  all  navigation  inimt  pass  through  the  loektt,  altliongh 
the  amount  of  water  in  the  rivur  might  be  quite  eutlieicnt  for 
a  natural  navigation  were  tlie  darns  not  bnilL  Tins  h  a  great 
drawbm^k  t<»  ttiH  system  bccaneo  each  lockage  oaiisos  a  delay. 

Tiie  movable  Hams  that  have  been  for  a  number  of  years 
in  use  in  Fi'auco  removo  this  difficulty.  These  dain?  are  so 
constrncle4l  that  during  high  water  they  may  be  laid  down  on 
a  fl'jor,  built  in  the  bed  of  tjjo  river,  where  they  arc  wholly  out 
of  tlie  way,  and  in  times  of  low  water  they  are  raiacd  up  and 
form  a  dam. 

Movaljlo  dams  are  divided  into  two  or  more  parts,  the  floors 
of  ihe^e  di{fei*ont  parts  hcing  rat»cd  one  al»ovc  the  other, 
forming  a  aorica  or  Bteps.  Tlie  one  with  the  K>'.ve6t  floor  is 
called  the  navigablo  pass  and  h  usually  placed  alongside  of 
the  lock.  The  other  parts  arc  called  wetrs.  The  pass  serves- 
for  the  purp'.ise3  of  navigation  during  medium  tttaget:;  tho 
object  of  the  weirs  is  to  eontRil  the  water  in  the  pool  so  aa  Co 
keep  the  latter  sa  nearly  as  pnAsiblo  at  a  constant  level. 

848.  Movaldo  dams  may  be  divided  into  two  genenil  classes: 
1st,  Tliuse  mau4uuvred  by  means  of  power  applit-d  thrmigh 
machinery  of  any  kind;  2d)  those  manuinvred  by  the  direct 
pressure  of  the  water. 

Of  the  first  i^lasa,  tho  systems  most  in  use  arc  the  Foii-^e 
trestle  and  needle  dam  and  the  Chanoiuc  wicket  dam.  Tlie 
Boule  dam  of  trestles  and  sliding  gates  is  luMt  common.  Of 
the  second  claAi),  the  bear- trap,  the  Desfontaincs,  and  tlie 
Girard  dams,  may  be  rogardt-d  as  type*. 

849.  The  Poinie  dnm  confists  of  a  number  of  trapezoidal 
shaped  trestles  plaued  across  the  stream  parallel  to  its  aiis, 
and  ab.'iit  four  feet  apart  They  are  securely  fastened  to  tho 
floor  at  the  bottom  and  connected  together  at  the  top  bv 
means  of  connecting- bars,  against  tho  up-stream  one  of  whicn 
are  supported  the  upper  ends  of  the  ncedloi*,  which  have  their 
lower  ends  resting  against  a  sill  in  the  fl<Hjr.  The  bottom 
meml>cr  of  the  tra[}ezoid  has  a  journal  at  each  end  which  fits 
into  a  Iwx  set  to  receive  it  in  the  floor  of  tho  dam.  The  up- 
stream merubor  is  nearly  or  nnite  vertical,  tiio  top  member  is 
horiz<intal  and  abt>nt  two-thirds  the  length  of  the  bottom  piece, 
tho  down-BtrcaiQ  member  rcachea  from  the  down-stream  utid 
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of  the  bottom  to  tlie  Bamc  etiJ  of  tlie  top  member.  A  brace 
oxteiids  from  the  upper  u|vsireftm  cunier  t*^  ilie  lower  down- 
stream  oorucr.     The  np-etream  and  down-stream  membcni 
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m.  »48.— Htmrtoii  of  tnmh  vb4  BMdU  of  tba  Jfartot  ditin  on  ihp  Mw.  »  B  r  K.  1.  ir.* 
troMle:  A  II,  Um  nqi;  BC.  4awn-rtrMm  «ne:  A  R.  nr  (trmm  vtllr;  R  C,  ulc;  AC. 
bMM;  D.  do«mKf«ui  Jvnnu)  bos ;  PO.iiMdtoi  O  II  wnil  I  K,  fenchonigMk. 

are  called  upriphts  or  stiles,  the  Ixrttom  memlwr  is  called  the 
axle,  and  Iho  top  member  the  tiap.  The  trestles  revulve  about 
the  axle,  the  direction  of  the  revolutioTi  l)cing  pcrpendicitlar 
to  the  axis  of  the  cnrreiit  AVlien  etaiiding  np  the  trestles  aro 
geuerally  fastened  together  at  the  top  by  means  of  two  cod* 
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Ttg.  Mft— A,  eleTfttion,  and  B,  wcdon  of  np-itrcun  Knofaonga  of  trertle ;  a,  fccow  In  JodriaI. 
box  to  raoain  journal  of  tnatle;  (,  holdioB-down  bolt ;  c,  itMl  pin  oonoeotlim  }onnud-bai 
audbott. 


Vt«- VO,— A,aUaalaTitlo&i  B^  fiwot  «lvntlM ;  Hid  4  pUa  a<  dowa-ttnam  Jotmial-lMK 


** 


fT    .T>-  iT'^r-  T    ije  as^  rratr*  <r  Li?  use.  -n^  Tr«r-   *■: 
:i»  -:    £=^:»*7r  -t:Mt  zn-jcf  ^Lli-  -r*  tar.  t-***^'** 


*J~^     i        T^           J           X           X     5~7~ 
_U 2 Z Z Z LT- 


*!rr>n    *  y^.'-rrkk."  ~'*'rjBcn.    Ed    "^bt^  r^rei  "Hr^—  ti    nssxs 
jirsxt   .I  &  r.  >^     Tmt-  un  aian^iirisi  k  :i;cr  inn^  ^iig  j** 
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in    'nnp^rtn^  tat.  inti   ir  'it?fr    i'^»*^  'fiiES   7»^  x 
r  'E  lie  mm.      In  ii^  iv    t  "tie  Ti*«*i»»  ire 

55(1.  -V    ^I'ti    itai     r   'Hakac^    "a^is*    liaL-e    ii:Tt?«!    -iie 
aft^??Il^^-   li.ii    11:^:7  T^-s    j:  TLt;rr:n;r  'ii«?  t'  ni'.L'    ia-?  'j«shi 

I  T  '^.^iTf.  "ix  ir^!.=  c  'lie  T  ""er'nc  ::.;  ':**  le^f!'."*^  'i:  ?;nier 
*-(li-.  .V  ^»^r:n.i  jj  %-■  im  *tie  urer-::ir?  -e- ■lu'^  Tr::i  I'^r-p  r 
I.. -''a.   ~.  '■*-r  "iiar  *iiiin:ii    r.-fir  rtie    :.n'.— li*    n    •fru.er  ndv. 

:w»)';;l'*-:i  ".::ir     r   &  ""icnlar  'r  ■=enii""™c'i^r   .itj^mr'n.  -Ui*!  "<-'  ir- 

.iiiii    .11   Ml*  f.urr*     r  "he    iam  jat   lii-i  'j«ki  ■♦Uii^iwri-L      All 

aeedlet  ue  nu^  laeti  u  oiaeh.  niuze  ^:unvdimic  loti  «ikv  a 
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handle,  and  ag  niakiug  a  dam  that  is  BuiEcteDtl^  tight  for  all 

practical  purposed. 
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W\g.  498. — T-mi»AW  B  oavnrinn  InUrvkU  l>etwc«n  It  mm)  trMtimtj  nmllra,  A  A. 

Vie.  )M.— Nar<lIo  B.  vlUi  Initla  rubDor  IWtng.  C.  (KiT«rUi0liMcr*al>t  bMwcca  B  unl  AA. 

851-  The  inanoiavros  of  a  iieodto  diun  are  two,  via.,  to  cloeo 
and  to  o\ten  it.  To  dcAc!r!l)e  the  first  opemtitin  we  will  snp- 
pose  the  dam  to  be  entirely  open,  the  trestles  lying  down  ou 
the  fl'jor.  Tiio  dam  tenders  begin  to  work  on  tlie  iijtpcnnost 
tre»ll«.  This  trustlo  ia  grappled  for  by  means  of  n  lim)k  with 
a  louj^  handle.  If  tho  ti-e^tle  be  light  it  c-an  be  raif^cd  by 
band.  If  it  bo  heavy  a  stning  line  or  chain  is  attncbed  by 
one  end  to  a  nng  in  the  handle  of  the  hook  and  by  the  other 
to  the  drum  of  »  siiiall  windlass.  Wlien  the  trestle  h  nearly 
up,  ono  man  seizes  it  with  a  small  hand  bar  which  h»£  two 
uotchcA  or  claws  made  iu  it  at  the  exact  distance  apart  of  tho 
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Tlf.  KB,— Buid-bw-  mm4  ta  coimwc  IrttUe  tut  nimA  to  the  prawdini  until  (lack  pUnka 
Mtd  coaaactinc  bK>  Oil  be  IbU. 

top«  of  tho  treaties  when  up.  Thia  Imml-bar  hulds  the  trestle 
temporarily  until  tho  plaiikfi  tliat  form  tho  deck  of  the  bridge 
are  laid  and  the  oonnncting  bars  pnt  in  place.  The  windlajis 
is  then  moved  forward  and  tho  second  trestle  grappled  for 
and  rai^  in  the  same  way,  and  b»i  on  to  tho  ena.  When  the 
last  trestle  is  raisod  and  secured  tho  needles  ai'e  put  in  place 
one  by  one  froin  the  bridge  thus  conntnicted.  In  wtnie  cases 
the  caps  of  the  trestles  are  connected  together  by  a  chain 
leading  fnim  ono  to  the  next.  This  chain  is  long  enough  to 
reach  from  one  to  the  other  when  the  firet  is  stAnding  up  and 
tho  second  is  lying  down.     This  saves  the  trf)iible  <if  grap- 

f>ling  for  the  treetlee,  which  always  causes  the  loss  of  more  or 
Bis  time. 

To  open  the  dam  the  needles  ai-o  first  removed.  The  hand- 
bar  is  placed  on  the  last  two  trOE-tlos,  the  connecting  liars  and 
tlio  plauks  are  taken  up  aud  the  last  trcstU  is  laid  down. 
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The  others  go  down  in  taceanno,  cue  bone  tafceo  to  let 
Uiem  down  eaeiljr,  becsaee  if  illoved  to  &U  Uhbj  mi^  be 
hrohtn, 

BBO,  In  eate  of  •  iligfai  rite  earning  in  the  river,  some 
the  Dcedla  mar  be  temporarilj  nemored  in  order  to  lee 
tarpltu  vater  (wa  o& 

SocnetinKe  it  hamen  that  the  water  risea  u  ranidljr  that 
tbe  dam  cannot  bo  diiiDantled  and  let  down.  In  tfaii  ewe  it 
fonna  exactW  tbo  same  oheude  that  would  be  made  bj  a 
ftted  dam  of  the  same  bvij^ 

803.  To  protect  tbe  dam  teaden  in  thmr  ofwratioDs  bj 
eight,  ur  in  stormj  weather,  a  sort  of  band-rail  u  placed  oa 
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aUmIM  flow. 


■•-  ?■'-■-■    ycunn.      EUrP,  UhUo.   bU  ,i  , .  i,-.iI»«<B 

and  of  jockponi  0  R,  oMdto:  O.  "7*  <Mi 


one  side  or  other  of  the  trestles,  the  down-stream  siJe  being 
the  better,  on  account  of  iiiterferiug  less  with  hundling  tlie 


9CTU8. 


511 


needles.    This  hand-rail  is  formed  of  a  line  i>a6$Iiig  tlirou^h 
eyes  at  the  top  of  vertical  pieuea  set  in  tlio  treatlo  at  tlie 
upper  duwii-htrt-am  corner. 
854.  Two  objections  to  ilii&  eystem  are  the  number  of 

Sioce^  til  i>o  liiiiidled  in  conneuting-  the  trestles  and  laying  tlio 
eck  of  till)  liridgti,  and  the  Btnall  distance  between  tlie  sur- 
face of  the  water  and  the  bridge. 
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rif.  VT.— Fnot  vlrvallon  of  vcUoii  of  dun  on  tbo  IboM.    A  B.  tiwUr* ;  (X  ioor  Mdad 

walnu  alilo  uf  trratip ;  <)'.  Oonr  conn«ctliiK  u«kIm  j  M,  iBOTable  Umr  HUipMUoir  medial ; 

n  H,  qciiIIm;  G  a.  «jraaot  iwAltc*. 
Fig,  K^— A,  cnlar.-iiJ  '10?  «t<<vMi'iii  cf  upper  Bp-«(nMB  oovntrr  u<  Uo^tio ;  F  P,  U*«tl« :  1 1, 

brw:  A.  o»l  •>!  jatk-pcwt  in  paoela  taM:  c,  dot  ftar  «t  acmr  of  jnofc-fiMt ;  «.  cdIIatIw 

morailita  b*r ;  B,  (H«li«i  oa  a  A  lAewIng  tote  and  JMik-p«a  irtwo  Uw  wtwimuwit  h  opm. 
FIc-  M.— A.  troitl  eterutoa  of  ation ;  D,  aDGtbrn  on  A  ft ;  C,  moUou  ca  •  A    BMb  aaodaiia 

•bMr  poaLUvn  of  t<wk-tiMC  with  Meapanwnt  opan. 


These  objections  have  been  very  ingcnionsly  met  on  the 
Belgian  Menge  by  making  the  deck  of  the  bridge  of  sheet- 
iron,  stiffened  at  the  sides  by  means  of  pieces  of  bar  iron. 
Tliesc  stiffuuiug  pieces  arc  made  with  an  eye  at  one  eud  and 
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a  claw  at  the  other.  Through  the  eyes  passes  an  axle  which 
is  attached  to  the  top  of  the  trestle  dv  a  prolongation  of  the 
down-stream  stile  on  the  one  side,  and  on  the  other  by  a  tube 
welded  to  the  cap.  A  chain  reaches  from  the  free  end  of 
the  attached  deck  of  one  trestle  to  the  axle  of  the  deck  of  the 
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Tig.  MO.— A,  (rodt  etondon.  Mid  B,  aids  «l«ntloii  of  Jafllt- 
piMt,  with  caoftpaneot  cloaed ;  O,  Mctiaa  on  a  ft ;  D, 
HcUoaouod.    InaUtonralathaMtaorew. 
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next.    This  chain  Is  enfficientlj  long  to  allow  one  trestle  to 
be  upright  and  t!ie  next  to  lie  |lown. 

To  raise  one  of  the  trestles  the  chain  fastened  to  the  deck 
axlo  of  the  one  already  up  is  pulled  in.  This  draws  up  the 
free  end  of  the  deck  of  the  next  trestle,  and  with  the  deck 

A 


Fig.  HI. —A,  deration,  and  B.  horiiontAl  wctHon  of  moYMble  bar;  a,  eye  that  flti  the  tubs;  b, 
tnbo,  and  c.  jack  pout  ot  next  tr<Mlle  with  e«capcmcnt  oloaed ;  d,  arm  to  (top  mo*atit« 
twr  at  cap  of  Irortla  whf  n  the  ntcapeinont  la  opened. 

comes  the  trestle  to  which  it  is  attached.  When  the  rising 
trestle  is  up  the  claws  of  its  section  of  the  deck  are  engaged 
on  the  deck  axle  of  the  preceding,  and  the  movement  is  fin- 
ished. 

The  bar  that  supports  the  upper  end  of  the  needles  is  no 
longer  a  connecting  bar.  It  simply  s^/illg8  around  the  tube 
that  forms  the  up-stream  support  of  the  deck  axle. 
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855.  Bsoapements.  Sometimoa  it  ia  neccssarj  to  let  ftU 
the  iiuedlus*  between  two  tre9tl«j  go  at  once.  A  sppcial 
arniiiirniiioiit,  called  an  eftt:ai>oitifiit,  in  muilu  for  tliis.  Theso 
Of)(tapQmi!iits  are  of  various  kindR.  Tlmt  ii8vd  {m  tho  Ilclginn 
Moii^  ifi  thus  arranged  :  on  the  interior  of  tbe  tube  is  placed 
a  jack-jHwi,  wliich  pi\»jccts  a  liltlo  above  tbe  deck.  This  nro- 
joctiiig  end  ia  made  square,  so  that  a  wrench  may  be  applied 
to  it  The  jack-poet  ia  ctit  Iialf  w&y  throuzh  ucor  the  Uttlom 
for  a  length  of  neaily  three  inches.  It  is  movable  within 
the  tnl>e,  and  i»  Iield  in  its  place  by  means  of  a  set-serew  near 
the  middle  of  its  height.  Tliis  M.'t-Bcrcw  mures  in  a  slot  cut 
one-quarter  n>und  the  tube.  Tho  jack-post  Is  thus  iirovented 
fmm  movintr  longlhwitu?,  and  at  the  tianie  time  i-^onlv  allowed 
to  mike  a  quarter  revolution  infeidoof  tho  tube.  A  Klot  simi- 
lar to  that  in  the  jauk-post  is  also  made  in  the  tube  on  tho 
aide  towardti  tlie  trestle  of  which  it  receives  ihu  clnws  uf  tho 
dock.  Tho  movable  bar  lias  also  a  slot  correfli>onding  to 
those  of  tho  jack-post  and  tul>e. 

Wuen  the  esca^vcmcut  is  closed  the  slot  of  tlio  jack-poet  is 
turned  down-stream.  The  movable  bar  uf  ihe  next  trestle  is 
thus  prevented  fmm  passing  thnniyh  tlic  slots  of  the  tnho  and 
its  movable  bar.  The  needles  are  supported  by  the  movable 
bar  and  siil.  Tho  bar  has  near  its  free  end  a  small  project- 
ing arm  whieli  prevents  it  from  ewiugin;^  past  tho  cap  ot  the 
trestle.  The  needtea  are  provided  each  with  an  eye  near  tho 
upper  end.  A  lino  is  paijscd  thnmgh  iheeo  eyea  to  hold  tho 
needles  from  being  lost  wlieii  they  are  allowed  to  gi>.  This 
line  is  passed  under  the  deck  and  then  fastened  to  a  eable, 
which  is  attached  cither  to  tho  bridge  or  to  a  pier  or  abut- 
ment. 

656.  When  it  is  desired  to  open  tho  dam  the  wronoh  is 
applied  to  the  square  pn>jcctin^  end  of  tlio  jack-post,  which 
is  turned  quarter  round,  so  tiiat  its  slot  tnay  cruucido  with 
th(>se  -.if  the  tube  and  mi»vablo  bar.  Tlio  bar  of  the  next  tres- 
tle, having  then  no  6Up[M^irt  at  tho  fi'Ce  end,  is  carried  away 
bv  tbe  presBiiro  of  tho  water  transmitted  through  the  needles. 
The  latter  are  carried  down  between  the  trestles,  and  are 
kept  from  drifting  awny  by  means  of  the  line. 

rticre  are  other  kinds  of  escapctuent  in  use  whi<-h  il  is 
needless  to  describe.  The  B^'Slem  of  the  lielgian  Slonso  ia 
the  hft^t,  because  it  is  the  lea.«t  complicated  in  its  workings, 
and  leaves  tlio  bridge  intact  after  tho  enpport  of  the  needles 
is  removed. 

857.  Chanolne  Wicket  Dam. — Tliis  dam  consists  of  a 
Borica  of  panels,  three  or  four  feet  wide,  each  independent  of 
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tlioBO  alongside,  and  separated  from  them  by  an  interral  of 
abont  fonr  inches.  Theae  panels  are  of  wood,  rectan^lar  in 
shape,  and  free  to  oscillate  about  the  head  of  a  frame  called 


Vlf .  sn.— SMthm  of  Chanoine  ilun.  nhowliig  wlcltet  down,  vti,  ukI  nrang.  A,  paaH ;  B. 
hoiae ;  C,  prop :  D.  fanrtdr :  E,  iitiile :  P.  lill :  Q,  trip-bwr :  H.  utchorinK  tnlt ;  L  motibar' 
ins  dl*^;  ICK,  pillow*:  O.  kxt4  of  owiillatlon.  A',  B',  Citiow  puiel,  bona,  mad  prop 
wbon  down.     DuUbI  llnei  ibow  puiel  awiing. 

the  horse.     The  horse  revolves  about  an  axle  at  its  bottom. 
To  the  head  of  the  horse  is  fastened  a  long  J>yop,  the  lower 


Fig.  SnS.— Plan  of  Ohanolne  dAm.    B.  honw :  O,  prop :  D.  hnrter ;  K.  ullile ;  F,  ifll ;  Q,  M^ 

bar ;  K  K,  plllowa.     Dotted  rectsDRlea  bUow  poaltton  of  psnela  when  down. 

end  of  which  rests  against  a  shoulder  or  kiu'ter.  The  panel, 
the  horse,  and  the  prop,  taken  together,  are  called  a  wicket. 
The  part  of  the  panel  above  the  axis  of  oscillation  is  called 
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the  chase,  the  part  below  is  called  the  breioft.    The  lower  end 
of  the  breet:h  rti&t«  againat  a  eilL 

The  axis  of  oduilluriuii  uf  the  wickets  of  the  pass  wa«  for- 
morly  phu:eil  atlive-twelftlisor  le^s  uf  the  lungtli  uf  the  ^.miiioI 
from  tfio  !K>tlom,  hut  thd  presont  practiuo  is  to  jjlauo  it  at  tJie 
middle  of  the  paticl.  The  axis  of  uEcillatioii  of  the  wickets 
of  the  weir  b  placed  hut  little  abovo  tlic  ccutre  uf  pressure. 
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tff.  M4.— A.  trort  Tiew ;  B.  lanffttnritOfcl  MOtton :  O:  nar  tWv  at  puuiL  C  ftiM  Aawm  bafM 
MtaKtl«d.  an.  (tilm;  ft  ».  mik:  o,  Irai OMinlOTpriM ;  4.  |"uml-boxi<»  fodMsdottNlw: 
>  «,  ptonka ;  //  boU ;  v,  buUow ;  D,  Mctlua  vt  bona ;  B,  >hto  t[«v  of  mp. 

BO  that  thev  may  ewiug  spontaneotislv  if  the  water  rises  high 
etiongh.  llie  wicliels  of  tlie  pass  shoiih)  never  swing.  The 
face  tif  the  panel  inakrn  an  angle  of  20**  niv-streain.  with  the 
vertical  line  let  fall  from  the  centre  of  oscillation.  The  prop 
makes  an  angrle  of  53^  down-stream,  and  the  horse  6°  down- 
stream from  tJie  same  line.  In  a  dam  now  building  in  France 
the  inelination  of  the  hnrsc  is  made  up-stream  instead  of 
down-stream.  This  lessens  the  pull  oil  the  horse  uid.  the 
thrnst  on  the  prop. 
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Beyond  the  hartcr  is  placed  tlie  slide.  In  front  of  tbs 
fanrti.*!-  is  (l)c  trii>bnr,  witb  its  guides,  rollore,  and  boukft,  the 
HEOs  of  these  ]}artfl  being  explained  iti  the  mftiia*u^'ree. 

85B.  The  niameuvTcs  of  this  dam  are  three:  to  loiver,  to 
raise,  and  to  swiii;;.  The  wiuket  is  tip  when  the  prop  reets 
a;raiii8t  the  hurter  and  the  f'M.>t  of  the  ])aiiel  a^nst  Uie  Bill. 
If,  whili)  llii»  wifkot  lA  lip.  tin*  lirewh  be  raised  so  m»  to  let 
the  water  pass  ont  Imth  under  and  over  the  panel,  tim  latter 
is  itaid  to  be  swung.  Tlic  wicket  is  down  when  it  is  l}-ingou 
tlie  floor. 

859.  To  lower  the  wiukot  the  prop  must  Iw  drawn  nway 
from  the  hurtcr.     Tliia  id  done  by  means  of  the  irip*bar, 
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whieh  is  armed  with  catches  for  this  pnri>ose.  The  presenre 
on  any  "ne  ]iri'p  being  ervot,  it  requirca  a  eorrespomliirg 
cfftirt  to  move  it  from  the  niirter.  To  start  all  (be  pro|»a  in  a 
dairi  at  once  wuiild  rcuiiiro  verv  jMjwerful  machinery,  and, 
fnrtlierniore,  it  would   l>e   ill-acfvieed  to  do  bo  on   account 
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of  letting  tlie  entire  mass  of  water  in  the  pool  rush  out  at 
onee,  with  the  risk  of  doinc;  damage  in  llie  pool  below.  To 
obviate  iheRO  diffiimltieA  the  catches  are  bo  arranfrod  on  the 
trip-bar  that  when  the  first  j>roi*  is  removed  from  it*  hnrtcr  the 
aecotid  catch  ta  jnet  bc^innin|;  to  start  tbo  second  jirop,  and  bo 
on  until  aix  or  eight  wickets  have  been  let  down.     A  certain 
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part  of  the  water  in  the  pool  having  now  been  drawn  off,  the 
wiuketa  may  be  let  down  by  twos  and  even  by  tlircLiB  or  fours 
at  the  end  of  tlie  nmiiienvrc.  To  fncilltnto  the  starting  of  ihe 
props  the  hnrtora  are  made  wlUi  a  alight  angle  down-stream. 
Tliis  angle  is  of  3°,  and  is  called  the  escape  ungU.  The 
bottom  of  the  prou-^eat  has  a  slope  duvtniward  toward  tlio 
paaaa^,  this  slope  being  tailed  the  (ncape  nlnpe.  To  prevent 
the  prop  from  Iwin^  dtj^placed  hv  any  accident  the  trip-bar  is 
provided  with  counler-i-atchea  which  are  evcnlv  spaced  so  as 
to  be  alongside  of  all  the  props  at  onoe.  'fhe  trip-bar  is 
made  to  run  straifjht  by  means  of  guxdtx.  These  are  gener- 
ally a  pair  of  L  irons  placed  near  toother  and  parallel,  the 
ends  liavitip  a  slight  flare.  On  the  bottom  of  the  trii>bar  ia 
a  projecting  stnd  that  moves  between  the  guides  and  is  called 
the  yruoner.     For  greater  eaao  in  moving  It  to  and  fro  the 
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trip-bar  resta  on  rollers  placed  suffirfiGntU' near  together -to 
prevent  sagging.  Motion  is  (^omninniiawea  tt>tho  trip-Iiar  bv 
means  of  a  capstan  designed  for  this  purpose.  At  the  end  of 
the  trip-bar  iu  the  pier  or  abutuient  is  a  rack,  into  which  ia 
geared  a  pinion  attached  to  the  bottom  of  a  slmft,  wliich 
reaches  to  the  lop  of  the  pier,  l^y  making  this  ehaft  revolvo 
in  one  way  the  bar  is  run  ont,  and  in  the  other  way  it  is  rnn 
in.  An  indicator  shows  the  position  of  the  lri|»-bar.  It 
fihonM  ulwiiys  be  liept  well  run  In,  so  as  to  avoid  accidents, 
and  only  moved  ont  when  it  is  desinxl  to  throw  d<i«n  en- 
tirely some  of  tho  wickets.  Strong  books  projecting  over  tho 
bar  are  fastened  to  its  sill  to  prevent  it  fnnn  being  thrown 
upward  and  dis]>laccd.  The  slide  has  a  cnrved  guard  at  its 
side  ao  constructed  as  to  cause  tlio  axis  of  tlie  pi-op,  when 
down^  to  come  in  lino  with  the  middle  of  the  wicket.  In  the 
lK)tt4mi  of  the  slide  is  a  gro<»ve,  so  that  when  raisinc  a  wiekot 
the  end  of  the  prop  will  travel  iu  the  right  path,  until  it 
dn>ps  against  the  hurter. 
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880.  The  wicket  is  raised  by  caicliing  tlio  bail  at  tho  bot- 
tom with  a  long-lmiidlcd  lii>ok  to  wliieh  a  ropo  (tr  chnin  ia 
attaclied.  Tito  lino  h  piillc<l  in  l>r  nicaus  of  a  windlass 
nicuiitcd  cilhei*  on  a  service  bridge  just  above  the  wickets,  or 
else  on  a  boat  dt«iwiied  fur  tliie  scrviee.  Ae  the  line  is  drawn 
in,  tha  end  nf  the  breech  is  raisci]  lirst,  thus  pre^ntin^  tlie 
emallcjit  surface  of  tliu  itaiiul  to  theuurrent;  afterwaixl  tlie 
entire  wicket  is  drawn  furwiinl  until  tlie  prop  drops  into  itft 
seat  at  the  fr<int  of  thu  Inirter.  In  i»rder  not  to  increase  tho 
resistance  of  the  current  tiio  luneli  at  the  end  of  tlie  manten- 
vre,  the  wii'kcls,  oa  ihcy  arc  drawn  up,  arc  generally  left 
ftwnnc.  After  they  are  all  brouiijht  to  tliis  position  the 
breeches  sire  pu^ijiud  down  until  llie  current  strikes  tlieiu, 
after  wldnh  they  are  <»ently  lowered  to  place.  This  nuiiiojuvr© 
can  only  ho  performed  with  tho  bnd^\  >71icn  the  boat  is 
used  the  wickets  lia%*e  to  set  n^i  as  soon  as  they  are  raised.  To 
Assist  the  panel  in  corning  to  its  npi-ight  pjsition,  a  cast-iron 
Ciiuntprpoisft  ia  attached  to  the  bi*eeeh. 

861.  In  titonie  cased  wickets  have  been  built  with  the  axis  of 
oscillation  veiy  nearly  at  the  centre  of  prt^s^nre  of  the  water, 
the  object  of  this  arrangement  lH?iii<j  to  allow  the  panel  to  he 
Bwun;;  by  tho  preASure  of  iho  water  rising  more  than  a  certain 
pei-niitled  hoii^lit  above  tho  normal  level  of  the  p(K)l.  Thia 
plan  worked  auccesafully  so  far  as  oi)eniu^  the  wickets  was 
concerned,  hnt  when  the  water  returned  to  the  normal  level 
the  panels  did  not  retake  their  [lositlon  as  it  was  expected 
tbey  would.  Many  means  for  overcoming  this  diflieulty  have 
been  devised,  but  none  have  proved  sati&factorj-.  It  is  now 
wlniitted  that  self-regnlatinjf  wickets  for  the  weirs  do  not 
work,  and  the  latent  jiraetic*  is  to  hnild  a  light  service  bridge 
ahove  them  and  manteuvTe  them  by  nieans  of  two  (!liains  ex- 
lending  from  llio  hrid^jo  to  the  top  and  bottom  of  the  panel. 
By  means  of  these  chains  the  desired  amount  of  swing  can  be 
given. 

862.  Tho  trip-bar  is  the  weakest  feature  of  the  Chanoine 
dam.  The  machinery  to  move  it  ia  more  or  leas  complicated, 
it  is  lialilo  to  got  out  of  order,  and  if,  for  any  reason,  one 
wicket  should  refuse  to  go  down,  the  movement  of  the  bar  ia 
stopped  and  the  rest  of  nie  dam  has  to  remain  standing.  By 
an  arrangement  of  the  linrtcr  lately  made  the  trip-bar  is  dtfUe 
away  with  altogether.  The  hnrtev  has  two  steps,  the  higher, 
which  is  the  pi-opseat,  is  made  with  a  sort  of  pocket  for  the 
end  of  the  prop  to  rest  in,  the  lower  has  its  down-stream  face 
vortical  and  making  a  very  acute  angle  with  the  axis  of  the 
passaj^  The  wicket  is  raised  as  in  the  ordinary  system.  Tlio 
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breecli-vlmin  is  pulled  hi  until  the  prop  falls  into  iU  ^eat. 
Waruiiig  is  eivoii  uf  itd  liaviii)^  rcaclieu  its  place  eitlior  by  tho 
nuise  uf  its  (iruppiiig  into  the  upper  step  or  by  tiio  arrival  uf  a 
marked  link  at  ihe  windlatta.  Tlio  psTiel  ir  rigUted  by  lettiiig 
out  the  brecfh-chain  slowly  nntil  the  sill  is  touclKid.  lo 
lower  the  wickut  it  is  (in>t  brought  U)  the  ewiiit;  by  raising 
ihti  breuch.     Tlio  inutiuu  ib  uoiitiuuod  until  tliu  hcuul  uf  llio 
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bnrse  ifl  pulled  np-dtreani.  dra<;<;inff  with  it  the  prop,  wliivh 
then  falla  down  the  8ei:<)nd  fitcp  and  xa  thna  left  without  aup> 
port.  Tho  tnulincd  face  of  this  &econd  step  dii-ects  the  ]>rop 
toward  the  paw^agc  of  the  hurter.  The  weight  of  tho  nysitein 
carries  it  d<iwii,und  the  uhuiri  being  paid  out.  elnwly  prevents 
it  from  falling  to  the  bottom  wiih  a  pho«k.  liy  means  of 
this  doTJeo  each  wicket  is  entirely  isolated  and  itulcjvcndent. 
One  of  them  failing  to  act  will  not  cause  any  interference 
with  the  <ttln'r,  mid,  ovyn  in  tho  event  of  any  difli<Mdty,  tho 
ftbRoneo  of  nounter-eati'licfi  makes  it  easy  to  knock  down  ft 
prop  from  a  skiff  below  tho  dam.  A  further  advaniago  is 
that  the  navigable  pat-s  can  bo  made  of  any  width  desired, 
which  was  not  tlio  wi&c  with  Iho  old  trjp-bnr,  bciratiKc  tbere 
tho  wi<U.h  of  the  paes  could  luit  exceed  twice  the  length  of  a 
bar,  one  being  inftnani\Ted  at  eacli  end. 

863.  Boul6  Dam.— If  an  ordinary  Poirde  dam  l»e  stripjied 
of  its  uucdles.  uikI  in  tiii-ir  place  tliero  be  nmt]  sliding  gates 
made  of  a  terrain  nninber  of  planks  laid  horizontally  and 
firmly  fastened  together,  these  cates  being  slightly  sh<'rtor 
than  the  distance  betwcicn  the  axles  of  the  fn'stles.  and  liav. 
ing  eacli  end  resting  on  a  trestle,  we  shall  have  thu  Ik>ul6 
dam. 
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The  gattM  are  made  of  four  or  five  plmiks  laid  side  by  side. 
The  thickness  of  the  planks  must  ho  pro|H>rttiniale  to  the  dis- 
tance uf  the  trestles  apart  and  to  the  liead  of  water.  T-irons 
are  iwltud  to  the  back  of  tlie  fjate.  They  answer  a  donble 
purpose:  Ut^  they  keep  the  planks  from  seiwrating  and 
strengthen  them;  Sd.  thev  are  gnidea  to  prevent  the  gales 
movinff  sideways  and  being  displaced.  A  bettor  arrange- 
tnent  ■»  to  plae«  ribs  on  the  trestles  to  act  as  gnides.  At  tlie 
top  of  the  »n.te  a  conntflrsunk  handle  is  altat;hcd. 

864.  The  nianceuvres  are  two ;  1st,  to  Ret  the  ^Le«  in  place ; 
Sdf  to  remove  them.    The  inanceuvring  ap^wratus  is  a  aniall 
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trestles  arc  raised  cxactlv  a*  in  tlic  I'oinSc  dam.  The  derrick 
is  run  lint  (Hi  ihii  truck,  uillowed  hy  a  Inick  cnrrviiip  tlireo  or 
four  gaiee.  The  crane  picks  up  a  gato  fr<^)iii  tlio  trunk  and 
swin^  it  around  so  that  the  chain  of  tlie  main  derrick  vaa 
take  it.  The  g^to  is  lowered  into  place  between  two  trestles, 
the  T-irtin  ifiudcs  keeping  it  in  |Miaitii>n.  The  derrick  is 
then  pushed"  on  to  the  next  apace  and  auothor  gate  is  low- 
ered, and  BO  on  till  a  Eiiiglc  row  has  liecn  laid  all  across  the 
duin.  The  second  row  is  then  laid  in  Uie  same  way  as  the 
firet,  and  so  on  for  the  third,  fonrtli,  or  any  other  row. 

To  dismantle  the  dam  the  operations  are  |>erfonned  in  ro- 
veree  order.  The  top  i-ow  of  gates  is  removed,  then  the  next 
below,  and  so  on  down, 

865.  Bear  Trap  Gate. — ThiBBtjle  of  dam  ts  formed  of  two 
piano  gatus,  having;  their  axes  of  revohitlon  in  the  floorcf  the 
aain.  (Jiio  of  them  h  arrHrigoil  tx^)  fall  np-stream  and  the 
other  down&trcan].    The  one  that  falls  dowu-Btrcam  has  ita 
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rif. nS—RMthm  of  bonr-lKii  nta  rmlwil.  A.  I«wvr  K*t*:  ft  vn^rfMa:  C  minaMfev 
water  rtnm pAMHM In iilcT ;  n.auxlllarTaaw;  B,ir1ainr;  B)(.lflR<«  rod:  F,  QtwrndtHk* 
•««;  n  1  K.  L.  pW. 

Kxle  on  the  nn-stwam  Bide,  the  one  (hat  falls  np-Ptrcam  has 
its  axis  on  tlio  down-Rtreani  side.  The  ijale  falUnp  down- 
stream is  called  the  n]>j^K'r  pate,  the  other  is  called  the  lower 
pate.  When  the  dam  is  down  tlie  np|*er  gate  projects  over 
the  lower.  Near  the  top  of  the  upper  gate  a  har  of  wood  is 
foBtencd  to  tlie  pior  aa  a  stop  to  the  movement  of  the  lower 
pate.  Under  the  gates  u  uhniiiber  is  made  in  the  floor  of  the 
dam  into  which  water  may  lie  introduced  from  the  upper 
pool  hy  !x  lateral  conduit    Above  the  upper  gate  aa  auxil- 
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iary  gate  is  somctittics  placed  in  oixlcr  to  form  a  tetn{KirarT 
lieiid  of  water.  In  tho  pier  oF  tlie  dnin  ts  a  passa^way  for 
wuttT.  This  ]>a8«ajre  runs  from  the  iii>per  to  the  lower  j)ool, 
with  an  cntraiit:e  at  its  aide  to  tho  chainbc-r  under  the  gates. 
A  valve  is  placed  at  each  end  of  the  passa^,  and  coininii- 
nieation  can  thus  l>o  matlo  botwccu  tlic  chantbor  and  either 
the  npp^r  or  loiver  pool. 

866.  Snppoee  the  dam  to  be  down  and  it  be  required  to 
niae  it.  The  valves  in  the  pier  arc  tlnis  arnui;;e'J :  the  orio 
leading  from  tlie  upper  pool  mopeneil  and  tliuotttt-r  i^  rlo^^ii. 
Oiuiniiinic-ation  is  tliun  inado  between  the  upper  [hk*I  and  the 
chamber.  If  an  auxiliary  t^ate  is  need  it  ie  tlien  released  by 
raJKini;  the  trigger  tlmt  hol<l8  it  down.  Tliis  f,'nte  h  liinfjod 
OD  the  down-6troam  fiido  ;  its  buoyancy  cuutiee  it  to  rise  to  a 
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certain  decree  and  tho  current  then  Btrikos  it  on  tho  nndcr 
side  and  raises  it  to  a  vertical  position  ;  it  tJnis  foriiis  a  tem- 
porary dam.  Tlie  water  risinj^  in  tlic  npper  ik«»I  exerts  a 
pressure  on  the  nndersido  of  the  lower  gate  and  cmdnally 
raises  it.  This  pate,  in  rising;,  forces  up  tho  other.  When  tlu3 
lower  crate  rcacue»  the  atop  placed  on  the  nnder  side  of  tho 
upper  the  motion  ceases.  The  gates  rctnnin  up  6o  long  as 
the  ciimmnnication  is  kept  up  between  the  npj^r  |>ool  and 
tlic  cliaiubtT.  When  the  gatefl  are  np  the  anxiliarf  gate  is 
returned  to  its  place  and  eontincd, 

AV*heu  the  daiu  is  to  be  lowered  tho  p(«ition  of  the  valves 
is  rcvei-fted,  the  cliamber  is  cut  off  from  the  noper  pool  and 
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cointiiiiiii<!iLlion  cAtnbli&licd  with  the  lower,  TIio  wntcr  in  tlie 
clmmher  i-iius  out  inlo  tlie  lower  [kkjI  nnd  tliegnres  fall  tiiidor 
their  own  \voif:lit  hih!  tlmt  of  ttie  water  resiing  on  them. 

867.  DesfoDtUnes  Dam. — Thia  dam  is  composed  ot  a 
tiuinbcr  vt  iiide^HJiidtiiit  seutiuue,  each  tiiniiitiruii  u  hurizuntal 
axis  pUcod  at  its  middle.  The  iipj^Mr  hntf  h  the  icicktt 
proper;  itd  fuuutiun  is  to  form  tlie  pool ;  the  lower  half  ii 
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cnlted  the  conntir-vurl-ft^  and  it*  fiitiRtion  JR  meit-lv  to  movo 
tlio  wicliet.  Those  sectionB  are  iiIkhiI  five  feet  Inng;,  and 
when  ill  position  are  ra  set  that  tlieir  axes  of  revolution  are 
Id  the  »niiic  ^trai^bt  line.  The  eoiintor-wickcts  arc  set  in  a 
masonry  cavity  chat  nins  tho  entire  luiigtli  of  the  dam.    This 
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cavity  is  ft  qnartcr  of  a  Iiorizonta!  cylinder,  the  axis  of  wliicU 
coincides  with  tliat  of  the  wickets.  Tlic  i«lmio  sides  of  this 
quarter  ovlimior  do  uot  pass  exactly  thnmgh  its  axi*;  the 
horizoutai  one  is  raised  up  alittleaiid  theveriical  one  moved 
a  little  duwn-etreftin,  bo  that  each  one  leaves  a  \-acant  Bpau« 
botwoen  it  and  the  conntei-wiuket  wlioii  the  latter  is  iu  its 
extreme  pofiitinii*.  The  couiitcr-wiekct  is  al«j  somewhat 
bent»  80  that  (be  horizontal  side  of  the  (|iiarter  cvlinder  need 
not  bo  raised  loo  high,  and  tlins  cover  a  part  of  the  wicket. 
Finally  tlicoavity  ia  divided  into  as  many  sectiouB  aa  there 
are  wickete ;  theae  sections,  called  drums,  are  fecparnted  by 
caal-irtHi  diuphnifijins,  on  each  aide  of  which  ig  a  rib  of  the 
same  shape  as  the  eoonter- wicket.  In  each  dinphragiii  are 
two  opening:*  corresponding  to  tlio  vacant  spaces  above 
mentioned.  When  the  dam  is  cloeod  the  connter-wlckct 
rests  agjiinat  a  sill  at  the  bottom  of  the  drnni,  agnin^-t  the 
rib  of  the  diuphragni  on  either  side,  and  ii^intvt  a  rib  on  the 
cast-irnn  tube  that  enchiseA  the  axle  of  the  wicket. 

At  each  end  of  the  dam  is  an  abntment  or  a  pier.  As  the 
arriDgeinents  for  a^linitting  (he  water  to  mana'uvro  the  dam 
are  tne  »nino  in  cither  ease,  those  of  (ho  pier  atone  will  be 
deseribod. 

868.  The  pier  extends  beyond  the  floor  of  the  dam  both 
up-  and  dowu-streaiu.     iu  each  eud  is  a  vuitical  well,  one 
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heing  in  comintiTiication  with  tlio  ii|>[)cr  jtool  and  llic  other 
witb  the  lower.  The  two  wcHs  are  connected  by  a  rec- 
tmtgnlar  gallon-,  which  is  divid«d  in  halves  by  niuaiis  of  a 
cas*i-ii\tti  plate  placod  lioriaoiiluliv  in  the  gallery.  At  each 
end  of  tlio  gallory  is  a  valvu,  just  largo  eiiuiigh  to  ixjver  eitiier 
half,  and  sri  arranged  that  tlio  up-strcain  end  of  onu  pas- 
sage and  ihe  dutt-ii-«trcAm  end  of  tlie  other  shall  ho  open 
or  closed  at  the  samo  time.  The  np|ior  pa&'tagf!  leads  to  the 
ojieninga  on  the  tip^ti-eam  aido  of  the  cminter-wiektts,  niid 
the  lower  pasfinge  to  tlio  openings  in  the  down-ritreani  side. 
A  balaiiuc  beam  on  top  of  tlie  pier  givua  the  motion  to  tlie 
valves. 

869.  If  it  be  deeired  to  oloee  the  dam,  tho  operation  is  tliiift 
performed.  Tho  valvca  aro  fto  arrtutged  that  the  un-Btream 
eud  of  tlie  upper  passage  aud  tho  duwu>8ta-ani  ona  of  tho 
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viokM ;  0,  iDdl^rabbar  bMUnr 
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lower  shall  Iw;  opon.  Tliis  pnt«  tho  upper  passage  in  connec* 
tion  with  the  np|W-'r  pof»l  and  the  lower  with  the  lower  jhxtl. 
The  water  fnmi  the  upper  px>l  enters  the  nearest  drnm,  aud 
pressing  on  tho  eouritei^ wicket  gradually  forcca  it  down  and 
thna  raises  the  wicket.  Puiwiiig  in  (his  way  faiui  drum  to 
drum  the  M'ickolB  ni-c  raised. 

"Wlicii  the  dain  is  raised  the  leakage  is  reduced  to  a  mini* 
mnm  by  having  India-rubber  strips  on  all  of  iho  edges  of  the 
connter-wickot,  and  this  rubber  being  jainniod  against  the  sill 
and  tho  ribs  by  tho  pres&uro  of  tho  water  iu  front,  prevents 
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vay  greftt  amount  of  wator  fruiu  passing.  The  space  behind 
the  uMiiiler-wiuket  beiii<;  in  ct^iinuunU-atiou  with  the  lower 
pool  proveiitB  the  water  lliat  leaks  tliroiigli  from  rising  above 
this  level 

To  lowor  tho  dam  the  position  of  the  valves  is  reversed 
The  pressure  of  the  upper  pool  is  uow  brought  tu  bear  a^^itial 


PI;.  BB.— Anmniwwt  rf  botUMB  of  «Miiib«.wlckcL.    A.  M ;  B,  Mimtof^lckM ;  0,  Iaat» 


the  back  of  the  coniitcr-wickctf  which,  thci-efore,  in  forced 
upward  at  the  saiuu  time  that  the  wtckct  proper  is  foived 
down  by  the  direct  pre^nre  of  the  water  in  tho  np(»or  ptx>l. 

870.  In  case  that  sand  or  gravt-l,  or  anythiiiij  of  that  port, 
slioidil  find  its  vray  into  the  drimis,  tlio  Inttcr  are  coAily  washed 
ont  by  opening  tlie  iip^trcnui  side  of  the  dniiiis  at  one  end  of 
tlie  dam  Into  me  upper  pool,  and  at  tho  other  into  tho  lower. 
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This  will  cansG  the  wator  to  rush  violently  through  and  re> 
move  all  riibltish. 

8*71.  Girard  Dam. — This  dam  is  ootnpoeed  of  a  aerie*  of 

fibiitrere  or  gates,  movable  about  tiieir  l>ottoin  edpo,  and 
actuat«d  by  means  of  lHr<{ie  h^'drHuliu  JHclis.  Kach  shntter 
has  iU  owii  jack  and  is  tliorcForo  indojiondont  of  tlio  resU  To 
each  jack  is  uouucclod  a  pipe  tliruugU  which  water  may  be 


A' 
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foi-ccd  from  a  pnmp.  The  water  may  be  forced  direotly 
from  the  pump  into  tlic  pipe,  or  it  may  be  sent  tlirtnijrh  an  ( ' 
clianiber,  called  tlio  iiccuinnlutor,  tho  latt<?r  being  tlio  iii< 
gciiprallv  iififtd.  Kach  pipe  haa  in  tho  pumi>-honBe  a  thr 
way  cock,  bo  that  the  water  may  enter  the  jac-ka  cither  dircctlj 
from  the  pump  or  after  first  passinj;  throngb  tlionccmmilator; 
or  else  it  can  be  dtSL-hargcd  and  tho  Jack  emptied.  7*ho  jaclc, 
is  placed  on  the  down-stream  side  of  tho  Hlinttere,  and  foi 
them  up  against  tho  corrcnt  Wlicn  the  dam  is  up  it  h  onl 
necusfttiry  to  fchut  the  water  off  in  the  pipe  in  on]tir  tn  hold  Tl 
in  place.  If  tlio  cock  ho  turned  to  let  the  water  escape,  the 
ehutter  will  be  forced  down  by  tho  preseure  of  the  imxjV  By 
a  pr*4>er  arrangement  of  tho  cocks  wo  may  have  am-  motio 
01  the  ehntters  that  we  choose.  One  may  go  up  anj  anotlit. 
como  down,  while  a  third  is  srandint;  a)l  the  way  ap  and  a 
fourth  is  held  iu  any  iutermediato  poeitiuu. 
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872.  T!ie  aix  fiiysteraa  just  given  are  those  beat  known. 
Othera  luive  been  proposea,  but  tliey  have  not  been  adopted 
ID  actual  coustruction.  Of  tbuso  latter  wc  hare  the  Krautx, 
tliQ  Cuviiiut,  and  the  Carru. 

873.  The  Kraniz  gyttetn,  conoista  of  ft  sHoet-imn  ponton 
hinged  at  its  up|>erdown-6tream  comer,  and  mov-^d  by  letting 
water  into  a  chamber  underneath  it  to  raise  it,  and  Icttinc^  the 
water  out  to  lower  it.  To  the  upper  up-stream  curner  uf  the 
pouton  is  fastened  a  panel  similar  to  that  in  the  Chaiioine 
Bystem.  Tliia  panel,  wlicn  the  dam  ia  down,  lies  on  top  of 
the  ponton,  and  when  the  dam  is  up  it  is  held  by  the  ponton 
iu  a  pu«ttioi]  eimilar  to  the  one  it  has  in  tiio  Chnnoino  dam. 

874.  Tho  Citmtuit  gyatem  is  a  mtxjification  of  the  Deefon- 
taiiia"^  The  wicket  and  connter-wickct  are  indcpeudent,  and 
revolve  on  separate  axes.  Tlic  axis  of  the  ix>uiiter-wicket  co- 
incides with  tbat  of  the  cavity.  Tlio  axis  of  the  wicket  is 
placed  n^>-)5trearn  from,  and  a  little  higher  than  that  of  the 
connter-wickeL  Tho  arms  of  the  counter-wicket,  when  pro* 
longed  beyond  the  axis,  are  bent  down-stream,  so  that  the  two 
parts  of  the  arm>t  make  an  angle  of  100  degrees  with  each 
other.  Thcso  arms  have  niillci's  at  the  end,  and,  as  the  eoim- 
ter-wickec  revolves,  raise  up  tlio  wicket  which  resU  upon 
tliom. 

875.  The  Carro  »y$t€m  is  a  modification  of  tho  bcar-lrap. 
In  it  the  two  gates  ai^e  hinged  together  at  the  top,  tho  bottoms 
of  l>oth  gates  sliding  along  the  door.  The  lower  gate  is  held 
dovvn  by  links. 

878.  "The  Caftiird  »tj9tem.  is  one  of  verj-  recent  dale ;  it  has 
been  adopted  and  is  to  l>c  usol  in  one  of  the  dams  now  build- 
ing ill  Knuiee.  It  eoritiista  of  a  number  of  narrow  f\\^&  of 
wood  joined  together  by  articulations  iii  such  a  way  that  they 
mav  bo  rolled  up  into  a  bundle.  The  bundle,  when  unrolled 
and  hmig  up  by  one  end,  forms  a  curtain,  the  sides  of  whicli, 
when  in  place,  rest  against  uprights  suspcudod  from  an  over- 
bead  bridge.  Tho  curtain  is  rolled  up,  like  an  awuiug,  by 
means  of  a  line  on  emih  side.  Tlie  curtains  may  bIm)  Imj 
nsed  in  connection  with  the  Poirco  trestles,  the  latter  taking 
tile  place  of  the  suspended  uprights.    This  system  has  not 

f'et   been    tcHCed   ou   a  lar^c  scale.     The  inventor  claims, 
lowever,  thtU  it  is  e8|jecial1y  valuable  fur  great  duptlis  and 
lifts. 

877.  In  the  Cnited  States  eome  efforts  have  been  made  to* 
wards  the  invention  of  movable  dams,  but  none  have  yet  been 
built  for  U6e  ou  any  but  a  small  ecale.    They  ha.ve  not  served 
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i'jt  M17  ptnrpOM  voimtvt/tii  iridi  osrigation. .  The  bev-tr»p  >■ 

lut  Atni  rt.-Ari  w/irt-  snd  ibfBiiUao  llM  bam  nminir  coafiued 
to  rr.  -'.-'/f,  nce{;<  io  tlw  vmm  oC  t&e  Brunei 

gate,  i  lii^  .;ml  wN'-rt  fn^fn  the  KraotKfTStcis  in  two  ptMiitf: 
\Uj  it  han  uo  p*u«l ;  24J.  tins  pAtoo  i«  hin^d  at  Uw:  upi^er 
Q^-tUHun  wmcf y  ftiwi  ilaelf  f onm  tbft  dun. 

81BL  TbflH  rarMQi  iamm  of  dsia  lend  themwl  ve*  belter  to 
loiiie  psrpoKS  tban  to  oUicn.  The  Poii^  Chaocmie,  and 
BooU  nftieim  are  well  adimced  10  ftwiriee  io  eitber  ibe  navi- ' 
gftbtfl  [iSM  cir  tlie  wein.  The  Desfontaineft  and  Gi/ard  »t*- 
letrui,  on  Accoont  of  tlidr  bigh  ituMonrr  fl(»>n,  are  applicftble 
onlr  to  wein.  The  bear-tnip  u  cmljr  goud  /ur  unau  widcht.. 
11  in  lirajttof  tlurtv  five  to  fortj  feet  it  may  work  weu 

i  ■■  frreac  ur  imall  tififc. 

:  tha  oL*tniction  id  a  river  caoDoi  be  overeoaisii 
)  ■'-  preceding  DieaiiR,a»,  for  example, in  tboee  eoo--^ 

^  doevntA  in  tbe  bed  ktio«n  a*  ni|>ij«,  wliere  tbo 

v.<,.,i  ,.4<jutrea  a  velocity  to  great  that  a  bcjat  ran  neither 
aACC'tid  nor  duaeend  with  Bafcty,  rtaort  intut  be  had  toa  catial 
for  ttio  parpotc  of  uniting  its  navigable  («rts  above  and 
below  the  obatTDction. 

The  general  dircL-tion  of  the  t-anal  will  tio  parallel  to  the 
bed  of  the  riier.  In  winio  ciuca  it  iiu\  o('i-ti|>v  a  part  nf  the 
bed  by  forniiii^  a  dike  in  tbe  hcd  f«raUel  to 'the  bank,  and 
Biifllciently  fftr  Iroin  it  to  girc  the  rt-qni^ile  width  to  the  cauaL 
Wlmtcvcr  |Kniition  the  canal  may  (icciip^'.  t'vcrr  prvcautioo. 
•lioulil  1)0  taken  tn  wciin*  il  frtnn  damage  by  fjt-fibct*. 

880.  A  liMrk  will  ijfiualtv  In;  iiuci:s»an  at  vat  h  c&tremity  of 
tbe  canal  where  it  joiiu  t£e  river.  Tlie  ix«itiotii>  f«r  tbe  ex- 
treme locka  alK'nld  ito  carvfnily  chueen.  ki  Hint  llie  Iwiaift  can 
at  all  tiiiiM  enter  them  with  ctue  and  uifc-ty.  The-  l<x:ka 
khimhl  he  accurod  by  ifiiard  gatua  and  utlier  Btiiiablo  uicajia 
from  freftlietA ;  and  if  they  are  liable  to  lie  obetracted  by  de- 

(H«{t4,  arrari^monta  Bbotild  bo  made  for  their  removal  eitber 
>\  a  rliJiAO  of  water  or  by  nincliinery. 

If  t)((.-  rivor  MhonM  not  present  n  f^i.fTitrient  tlcpth  of  water 
at  all  m-oMHtn  fur  eiirorin^  tbe  uanal  fn>m  it,  a  dam  will  be 
rejpiirod  at  Borau  point  near  tbo  lock  to  obtain  iIh.'  rcijnUite 
dejitl). 

It  may  be  advisable  in  ftome  caecft,  infttcnd  of  plui-ing  the 
oxtnimD  \tnAii  at  the  outlets  of  the  eanal  to  the  iiver.  to  form 
a  eapnfiioiiH  btuiin  at  each  extremity  of  the  canal  iietwccn  the 
|tii;k  Ktid  river.  vvIutc  tfio  Uials  cj»n  \\a  in  Hiift-ty.  Tbo  OTitleta 
from  tliu  bu»uiA  Uj  ilio  rivui'S  may  eithur  be  left  open  at  all 
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times,  or  else  gnard  gates  may  be  placed  at  them  to  shut  ofl 
the  water  during  freshetB. 

SSL  The  French  have  done  more  for  the  improvement  of 
their  water-ways  than  almost  any  other  people.  All  the  sys- 
tems mentioned  here,  except  the  bear-trap  and  the  Brunot,  are 
of  French  origin.  The  engineering  literature  of  France  con- 
tains a  vast  amount  of  interesting  matter  on  river  improve- 
ments. Much  of  this  is  to  be  found  in  the  Annates  des  Ponts 
et  Chaussees,  in  the  shape  of  various  exhaustive  articles  on 
different  subjects.  The  Cours  de  Navigation  Interieur^  by 
M.  de  Lagren^,  contains  the  best  practice  up  to  the  time  in 
which  it  was  written,  but  since  then  the  subjp^t  of  movable 
dams  especially  has  made  great  strides  in  advp  -/.•«. 
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CHAPTER  X. 

SUCOAer    nCFROTEUEHTI. 

682,  TitB  fullowiiig  snbdiviHioiis  may  he  made  of  tlie  worici 
belonging  to  thia  claaa  of  improvementa :  iBt,  Artificial 
Hoad«tead».  2d.  The  works  required  for  natural  and  iir- 
tific'ini  Ilarbnra,  3d.  The  works  for  the  protection  of  the 
8piu!i>Hflt  H<,rAiiiHt  the  aolion  of  tiie  eua. 

883.  Befiire  adopting  any  definitive  plan  for  the  improTd' 
ment  of  the  aoacoast  nt  any  point,  the  action  of  the  tidca, 
currpnte.  and  wavee  at  that  point  must  he  ascertained. 

884.  The  theory  of  tides  is  woU  nnderstood  ;  their  rise  and 
duration,  caueod  by  the  attraction  of  the  eun  and  moon,  aro 
alH>7  dcpondout  im  the  strength  and  direction  of  tlie  wind, 
and  the  oonformation  of  the  shore.  Along  onr  own  sea- 
board, the  highcat  tide*  varj*  greatly  between  the  moet 
southern  and  northern  parts.  At  Eastjiort,  Me.,  llie  highest 
tides,  when  not  affected  bv  tlie  wind,  vaiy  l}etweon  twenly- 
five  and  thirty  feet  above  tfie  ordinary  low  water.  At  Boa- 
ton  they  rise  fi-otu  elc\-cn  to  twelve  feet  above  the  aame 
Doiut^  under  similar  circnmstaneeB ;  and  fri-Hn  New  York, 
following  the  line  of  the  sealxArd  to  Florida,  they  seldom 
rise  above  live  feet. 

885.  Ciirrente  are  principally  caufied  by  the  tides,  asuisted, 
in  some  cases,  by  the  wind.  The  theory  of  their  action  ii 
simple.  From  tlie  main  current,  which  sweeps  alon^  tbo 
const,  secondary  currents  proceed  into  the  hays^  or  indenta* 
tions,  in  a  line  more  or  less  direct,  until  they  strike  some 
point  of  tlie  shore,  fmm  which  they  are  deflected,  and  fre- 
quently separate  into  several  others,  the  main  branch  follow- 
ing the  ceiioral  direction  which  it  had  when  it  struck  the 
shore,  and  tlto  others  not  unfrequently  taking  an  opposite 
direction,  forming  what  are  termed  cntnter  airrent«.  aTid,  at 
points  where  the  oppijeile  currenta  meet,  that  rotary  motion 
of  the  water  known  as  vtAirlj/ooU.  The  action  of  currenla 
on  the  coast  is  to  wear  it  away  at  those  points  against  wbi^ 
they  directly  impinge,  and  to  transport  the  debris  to  other 
points,  thus  fonning,  and  floniotiincft  removing,  natural  ob- 
itructions  to  navigation.  These  continual  changes,  caused 
by  curreutSj  make  it  extremely  difiinilt  to  foresee  tiieir  eSeotSi 
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(uid  to  foretell  the  consequences  wliich  will  arise  from  any 
change  iu  the  direction,  or  the  intengitif  of  a  current,  occa- 
KLoneiJ  by  artificial  obfitaclcA. 

888.  A  good  theorr  of  waree,  which  ehall  Batisfactorily 
explain  all  their  phenomena,  is  still  a  desideratum  in  science. 
It  is  known  that  tLev  ar«  produced  by  winds  acting  on  tlie 
surface  of  the  sen;  Lut  how  far  this  action  extends  below 
the  surface  and  what  are  its  effects  at  various  depths,  are 
qucatiuns  that  remain  to  bo  answered.  The  moat  oummonly 
received  theory  is,  tliat  a  wave  i&  a  simple  iwcillation  of  the 
water,  in  which  each  particle  rises  and  fall*,  in  a  vertical 
line^  a  certain  distance  during  each  oecillatiun,  without  r& 
ceiAinng  any  motion  of  translation  in  a  horizontal  direction. 
It  has  been  objected  to  this  theory  that  it  fails  to  explain 
many  phenomena  oljsenred  in  connection  witli  wavca. 

In  a  recent  French  work  on  this  subject,  its  author,  Colonel 
Emy,  an  engineer  of  high  standing,  combats  the  received 
theory;  and  contends  tliat  the  particles  of  water  receive  also 
a  motion  of  translation  horizontally,  which,  with  that  of  as- 
ceni^ion,  causce  the  particles  to  assume  an  orbicular  motion, 
each  particle  describing  an  orbit,  wlticli  he  supposes  to  be 
elliptical.  He  farther  contends,  that  in  this  manner  tlie  par- 
ticles at  the  surface  communicate  their  motion  to  tlione  just 
below  them,  and  tlieae  again  to  the  next,  and  so  on  down* 
ward,  the  intensi^  decreasing  from  the  surface,  witliout, 
however,  becoming  insensible  at  even  very  cont^idei-nble 
deptlis;  and  that-,  in  tins  way,  owing  to  the  re^ttion  from 
the  bottom,  an  immense  volume  of  water  is  propelled  along 
the  bottom  itself,  with  a  motion  of  translation  so  powerful  as 
to  overthrow  obstacles  of  the  greatest  strength  if  directly 
oppoeed  to  it.  From  tliis  he  aipies  that  walls  built  to  resist 
the  ehock  of  the  waves  should  receive  a  vcrv  great  batir  at 
tlic  base,  and  that  iIuh  batir  should  he  gradually  decreased 
upward,  until,  towards  tlie  top,  the  wall  diould  i>roject  over, 
thus  presenting  a  concave  surface  at  top  to  tlirow  the  water 
back.  By  adopting  thia  funn,  he  couteiids  that  tlie  inase  of 
water,  which  is  rolled  forwaiYl,  as  it  were,  on  the  bottom, 
when  it  strikes  the  face  of  the  wall,  will  ascend  along  it,  and 
thus  gradually  lose  its  momentum.  These  views  of  Colonel 
Emy  liave  been  attacked  by  titlier  engineers,  who  have  had 
opportnnities  to  observe  Uie  same  phenomena,  on  the  ground 
that  they  are  not  supported  by  facts;  and  the  question  still 
remains  undecided.  It  is  certain,  from  experinieiits  made 
by  the  author  quoted  upon  walls  of  the  form  here  described, 
that  they  seem  to  answer  fully  their  iutecded  purpmie. 
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887.  Roadsteads.  The  term  romht/vid  is  appUcd  to  m 
itidentalidii  of  the  eoaat,  where  Tosaels  \\my  ride  secnrf-Iy  »l 
anchor  under  all  circumstanceg  itf^weather.  If  the  iiidentiv 
lion  is  covered  bv  natiiml  projctttions  of  tlic  land,  or  caj>f«, 
from  thu  tu'ttuiti  of  the  windg  and  wnveg,  it  h  said  to  be  Lin/l- 
lorl'i'd ;  in  the  eonrraty  case,  it  in  termed  an  open  roadstead. 

The  aneliaraire  of  open  roadsteads  is  often  insecure,  owing 
to  \'iob;nt  wiiid»  setting  into  thoin  from  the  sea,  and  otx-Si^ion- 
ing  hifjh  wavea,  which  are  very  straining  to  tlio  raooringa. 
The  remedy  applied  in  this  caae  ia  to  placu  an  obatnicttun 
near  tlie  eiitninco  of  the  roadstead,  to  break  the  force  of  th« 
wavoft  from  the  aea.  These  obstructions,  termed  breakiatt-rrt^ 
are  artificial  islands  of  greater  or  lees  extent,  and  of  vanable 
form,  according  to  the  nature  of  the  case,  made  by  throwing 
heavy  blocks  of  stono  into  tlie  sea,  and  allowing  tliera  to  take 
their  own  bed. 

Tlic  first  groat  work  of  this  kind  nndertakon  in  modem 
times,  wa*  the  one  at  Cherbourg  in  France,  to  cover  the  road- 
stead in  fn>nt  of  that  town.  After  some  trials  to  break  tlie 
effects  of  the  waves  on  the  roadstea<l  by  placing  large  conical* 
shaped  striictiireH  of  timber  filled  with  stomas  at-Toss  it,  which 
resulted  in  failure,  as  the^ie  vesftels  wei-o  comph-tely  destroyed 
by  snbseijnent  storms,  the  plan  waa  adopted  of  forming  a 
breakwater  by  throwing  in  loose  blocks  of  stone,  and  allow- 
ing  the  mass  to  assume  the  form  pi*oducod  by  the  action  of 
the  waves  ujion  \t&  surface.  The  sub«oquent*  experience  of 
many  years,  during  which  this  work  haa  been  exposed  to  the 
most  violent  tempests,  has  shown  that  the  action  of  the  »ea 
on  the  oxtHisod  surface  ia  not  verv  sensible  at  this  loctality  at 
a  depth  of  almut  20  foot  below  tfio  water  Jevcl  of  the  lowest 
tides,  as  the  blocks  of  stone  forming  this  {>art  of  the  break- 
water, some  of  which  do  not  average  over  40  Iba.  in  weight, 
have  not  been  dit>ptaced  from  the  slope  the  mass  Ai-st  as- 
sumed, which  was  somewhat  less  than  one  pei'pendicilar  to 
one  base,  l-'rom  this  [wiut  upwards,  and  particulai'v  be- 
tween the  levels  of  high  and  low  water,  the  action  of  the 
waves  has  been  very  powerful  at  tiniesi,  during  violent  gales, 
displacing  blocks  of  several  tons  weight,  thro%ving  them  over 
tlio  top  of  the  breakwater  u]>on  the  hlope  towards  tlto  Bhoro. 
Wiercver  this  part  of  the  surface  has  been  exposed  tl*e 
blocks  of  stone  hare  been  gradually  worn  down  by  the  action 
of  the  waves,  and  the  slope  has  become  less  and  leas  Hteep> 
from  year  to  year,  nntil  finally  the  surfaiw  assimied  a  slightly 
concave  slope.  wUi<:h,  at  some  points,  was  as  great  as  tea 
ban  to  ore  perpendicular. 
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The  experience  acquired  at  this  work  has  concliifiively 
Bltown  that  breakwaters,  formed  of  the  heaviest  blocks  r<f 
lomte  Btoiie,  are  always  liable  to  dainai^  in  heavy  galefi  when 
the  sea  breaks  over  them,  and  that  the  only  mesne  of  aecur- 
Injf  them  is  by  covering  the  expofted  surface  with  a  facing  of 
heavy  blocks  of  hammered  stone  carefully  set  in  hydraulic 
cement. 

As  the  Clierbourg  breakwater  is  intended  also  as  a  military 
construction,  for  the  protection  of  the  roadstead  a^ain^t  an 
enemy's  fleet,  the  cross  section  sliowu  (in  Fig.  24S)  has  been 
adopted  for  it  Profiting  by  the  experience  of  many  years' 
observation,  it  was  decided  to  construct  the  work  that  '^orms 
the  cannon  battery  of  solid  masonry  laid  on  a  thick  and  broad 
bed  of  betou.  The  top  surface  of  the  breakwater  is  covered 
with  hea%'y  loose  bloe^  of  stone,  and  the  fo<:»t  <.f  the  wall  on 
the  face  is  protected  by  large  blocks  of  artiticial  atone  formed 
of  beton.  The  top  of  the  battery  is  about  13  feet  above  Uie 
bigbesi  water  lev 
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The  next  work  of  the  kind  was  bnilt  to  cover  the  roadstead 
of  Plymiiutb  in  Knglaiid.  Its  cross  section  was,  at  first,  made 
with  an  interior  slope  of  one  and  a  half  base  to  one  pcrpen 
dicular,  and  an  exterior  slope  of  only  three  base  to  one  per 
]>en<licnlar;  bnt  from  the  damage  it  sustained  in  the  severe 
tempests  in  the  winter  of  1816-17,  it  is  thought  tliat  its  ex- 
terior slope  was  too  abrupt. 

A  work  of  the  same  knid  is  still  in  process  of  constniction 
on  onr  coast,  off  the  month  of  the  Delaware.  The  sarne  cross 
section  has  been  adopted  for  it  as  in  tlie  one  at  Cherbourg. 

All  of  these  works  were  made  in  the  same  way,  dlachai^ 
ine  the  stone  on  the  spot,  from  vessels,  and  allowing  it  to 
take  its  o^vn  betl,  except  for  the  facing,  where,  wlien  practi- 
cable, the  blocks  were  carefully  laid,  so  as  to  present  a  nui' 
fonn  Burfsco  to  the  waves.    The  interior  of  the  maBS,  in  c«cfa 
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case,  lias  been  formed  of  stono  in  smill  blocki,  and  the  facing 
vi  very  large  blocks.  It  is  llionclit,  however,  that  it  woulc 
he  more  prudent  to  fonn  the  whttle  of  largo  bhKjlts,  because, 
were  the  exterior  Ut  suflcr  damage,  mid  exi>erieiice  sIiow-b  that 
the  heaviest  blinikfi  vet  used  have  nt  times  Keen  displaced  by 
the  shock  of  the  waves,  the  interior  would  BtUl  present  a  great 
obstaele. 

From  the  forcing  details,  respectinc  the  croes  sections  of 
bi-eakuHteia,  whieh  fitfin  cxiioriment  nave  been  foniid  to 
answer,  thr  proper  form  and  dimensiona  of  the  croBs  eeution 
in  Biiiiilar  cases  may  be  Rrranged.  Ab  to  the  plan  of  such 
works,  it  must  depend  on  tJie  locality.  The  iKisition  of  tlie 
bi-eakwater  ehonla  be  choeen  wltJi  rc^^ard  to  the  dircclion  of 
the  heaviest  swells  from  the  sea  iJito  the  roadstead, — the 
action  of  the  nnrront,  and  that  of  waves.  Tlie  pan  of  the 
roadstead  which  it  covers  sbonld  afford  a  proper  deptli  of 
water,  and  secare  anchorage  for  Teasels  of  the  larKest  clasa, 
during  tlie  moet  f*vere  eturnis  ;  and  veescls  should  be  able  to 
double  the  brcuk  water  under  all  cireumataiiecs  of  wind  and 
tide.  Snch  a  ]>(«ition  &liould,  moreover,  be  choAeu  that  there 
will  be  no  liability  to  obetructions  being  forracd  within  the 
roadstead,  or  at  any  uf  its  outlets,  fnirn  the  change  in  the 
current  which  may  be  made  by  the  breakwater. 

888.  The  diflicultjof  ubtainini;  very  heavy  blocks  of  stone, 
as  well  as  tlieir  great  coal,  hai^  ltd  to  the  suggestion  of  substi- 
tuting fui-  ihein  blocks  of  artificiul  stone,  formed  uf  concrete, 
which  can  be  made  of  any  sha}>e  and  size  desirable.     This 

f)lau  has  been  tried  with  success  in  several  instances,  narticu- 
arly  ill  a  jtHty  or  mule,  at  Algiere,  coiiKtriHTieJ  by  the  Trcndi 
govennnent  The  beton  for  a  portion  of  this  work  was  placod 
in  large  boxes,  the  sides  of  wiiich  were  of  wood,  ahapod  at 
bottom  lo  correspond  to  the  irregularities  of  the  bottom  ou 
which  tlie  belon  was  to  be  aprcnd.  The  bottom  of  the  liux 
was  made  of  strouff  canvas  tarred.  These  boxes  were  first 
gunk  ill  ihe  tKwition  lor  which  they  were  construeied,  and  tiioD 
filled  with  the  beton. 

889.  Harbors.  The  term  hitrbor  is  applied  to  asecnre  an- 
chorage uf  a  more  limited  capacity  than  a  roadstead,  and 
theroiore  offering  a  safer  refuge  during  boisterous  weather. 
Barburs  are  eitlicr  natural  or  artijicial, 

8d0.  An  artificial  harbor  is  usually  formed  by  enclotinga 
epace  on  the  coast  between  twu  arms,  or  dikes  of  stone,  or  of 
wood,  tonned  jettWf  which  project  into  the  aea  from  tlie 
shore,  iu  such  a  way  as  to  cover  the  harbor  from  the  action  of 
the  wind  and  wavea. 
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891.  Tlie  plan  of  each  jetry  iaonrvedjandtheepaceendoeed 
by  Uie  two  will  depend  on  the  uumber  of  vessels  which  it  may 
be  supposed  will  be  in  the  h^rborat  the  same  time.  The  dis- 
tance Iwtween  the  ende,  or  W*/?,  of  tJie  jetties  which  forinfl 
the  mouth  uf  the  harlwr,  will  also  depend  on  local  circiiin- 
stance!! ;  it  should  seldom  be  less  than  one  hmidred  vards,and 
generally  need  not  be  more  than  five  hnndrod.  There  are 
certain  winda  at  every  point  of  a  coast  which  are  more  un- 
favoniblu  than  others  to  veiwels  enteriiiK  and  quttina  the  har- 
bor,  and  to  the  tranqnilHty  of  its  water.  One  of  the  jetties 
should,  on  this  account,  be  longer  than  the  other,  and  be  so 
placed  that  it  will  both  break  the  force  of  tlie  heaviest  swells 
from  the  sea  into  the  mouth  nf  the  harbor,  and  ^.ilitate  the 
ingress  and  egress  of  vessels,  by  preventing  them  from  being 
driven  by  the  winds  on  the  other  jetty,  just  as  they  are  enter- 
ing or  quitting  the  mouth. 

892.  The  cross  section  and  construction  of  a  stone  jetty 
differ  in  notliing  fn.>m  those  of  a  breakwater,  except  that  the 
jetty  is  usually  wider  on  top,  thirtj'  feet  being  allowed,  as  it 
serves  for  a  wharf  in  unloading  vessels.  The  head  of  the 
jetty  is  usually  made  circular,  and  wjusJderably  hnwder  than 
the  other  parts,  as  it,  in  some  instances,  i-eccives  a  lighthutisb, 
and  a  battery  of  cannon.  It  should  be  made  with  great  e-are, 
of  lare;e  blocks  of  stone,  well  united  by  iron  or  copper  cramm, 
and  the  exterior  courses  should  moreover  be  protwjted  i>y 
fender  beams  of  heavy  timber  to  receive  the  shock  of  floating 
bodies. 

883.  Wooden  jetties  are  formed  of  an  open  framework  of 
heavy  timber,  the  sides  of  which  are  covered  on  tlie  interior 
bv  a  strong  sheeting  of  thick  plank.  Each  rib  of  die  frame 
(Pig.  249)  couHista  of  two  inclined  pie<ioa,  which  form  Uie 
sides — of  an  upright  centi-e  piece, — and  of  horizontal  clamp- 
ing pieces,  which  are  notched  and  bolted  in  pairs  on  the 
inclined  and  upright  piei-es;  the  inclined  pieces  are  farther 
strengthened  by  stnits,  which  abut  againat  them  and  the  np 
right.  The  ribs  arc  connected  by  lai^  string-pieces,  laid 
horizontally,  which  are  notched  and  bolted  on  the  inclined 
pieces,  the  nprights,  and  the  clamping  pieces,  at  their  points 
of  junction.  The  foundation,  ou  which  this  framework  rests, 
consists  usually  of  three  rows  of  large  piles  driven  under 
the  foot  of  the  inclined  pieces  and  the  nprights.  The  rows 
of  piles  are  finnly  connected  by  cn^a  and  longitudinal  bcana 
notched  and  bolted  on  them ;  and  they  are,  moreover,  firmly 
united  to  the  framework  iu  a  similar  manner.  The  interior 
sheeting  does  not,  in  all  cases,  extend  the  entiie  length  of 


orrzL  usacnoEiam. 


fVr-  W  >nw»wji»  k  croM  Mcdon  of  k  woddMi  )«ur.  a.  foiwdaUoo  pDm.  1,  bieOott 
Mm  ftoem,  «,  taliMl*  npcljihi.  d,  ovai  fUem  belMd  to  pur^  «^  Mrati,  w,  'Mita4iB» 
pko«  Mtod  Ift  ptln,    9,  pknvtw 

thti  sides,  hnr.  open  epacefi,  termed  el^ar-way»,  are  often  left, 
lo  pvc  a  free  passage  and  spread  to  tho  waves  confined  ho- 
twenn  the  jetticB,  ror  tho  piirp(»o  of  forming'  8in(x>th  wnti^r 
in  the  channel.  If  llie  jottics  are  corered  at  Sieir  back  with 
earth,  the  clear-ways  receivo  tlie  form  of  inclined  planes. 

Tho  fomidatiun  of  llie  jetties  requires  particiilar  care, 
eppooially  when  tho  channel  hetweon  them  is  very  narrov. 
Loose  stono  throniii  an)itnd  tho  pileei  is  the  ordinary  constrao- 
tion  used  for  this  piirpoae ;  and,  if  it  he  deemed  neceaaary, 
the  lK>ttr>in  of  tho  entire  diaimol  may  ha  pmtcctod  by  an 
apron  of  brush  and  looe*  etoiie. 

Tho  top  of  the  jetties  in  covered  with  a  flooring  of  thiek 
plank,  which  fter\'fs  ae  a  wlinrf.  A  strong  hand-railing 
should  be  phiccd  im  each  side  of  the  flooring  as  a  pmiection 
apiiiiBt  atfidcnts.  Tlio  eidee  of  jetties  have  l«jen  varjmialy 
ini'Hned ;  the  more  uanal  inclination  varioe  between  thi^ 
and  four jpei-pondicular  to  one  base, 

884.  jt'ttii.?s  are  Runctinies  built  out  to  form  a  paswajje  lo 
a  natnml  hftrlM>r,  which  is  either  very  iniirh  exposed,  or 
sabject  to  hai-s  at  its  month.  Ky  narrowinR  the  paswn^  to 
the  harbor  between  the  jetties,  great  velocity  is  given  to  the 
cnrrent  caused  by  the  tide,  ard  this  alone  wnl  free  Oie 
greater  part  uf  the  channel  from  dcposites.  Bnt  at  the  head 
of  the  lettiee  a  bar  will,  in  almost  every  case,  be  f««nd  to 
accumulate,  from  tlie  oorrent  a1ougshore>  wluch  is  bn>kfin 
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by  the  jetheB.  and  from  the  diiniiiislied  velocity  of  iho  ehliiii" 
tide*  at  this  point.  To  remove  these  bars  resort  may  be  hao, 
in  localities  whore  they  are  left  nearly  dry  at  low  water,  to 
retMjrviiM'B,  and  sluices,  armnged  with  turning  galee,  like  thoee 
adverted  to  for  river  iiiiprovement&  The  resorvoirs  are 
funned  by  excavatinj;  a  Inri^e  basin  iiighorc,  at  w>tue  suitable 
itdint  from  which  the  eulltMrted  water  can  \te  directed,  with 
Its  fnll  force,  on  the  bar.  The  basin  will  be  filled  at  flood- 
tide,  and  when  the  ebb  conunences  (he  sluice  uutes  will  be 
kept  closed  nntil  dead  h>w  water,  when  they  uinuld  all  bo 
opened  at  once  to  give  a  Btrong  water  cliase. 

895.  In  Imrhors  where  vwisclB  cannot  be  safely  and  conve- 
niently moored  alongside  of  the  quayfi,  largo  ba&ine,  termed 
wet-dvclv,  are  formed.  In  which  the  water  can  be  kept  at  a 
constant  leveL  A  wet^dof^k  may  be  made  either  by  an  in- 
shore excavation,  or  bv  enclosing  a  part  of  tJie  harimr  with 
Btning  water-tight  walU ;  the  first  is  tlie  more  u^iial  plan. 
Tlie  entrance  to  the  ba'^in  may  be  l)y  a  simple  filuice,  clotted 
by  ordinary  lock  gatee,  or  by  meana  of  an  ordinary  lock. 
^itJi  the  first  meuiod  veesels  can  enter  the  basin  only  at 
high  tide ;  by  the  last  thev  may  be  entered  or  passed  out  at 
any  iieriod  of  the  tide.  iThe  outlet  of  the  loc^  ehonld  be 
provided  with  a  pair  of  guard  gates,  to  be  shut  agaiiwt  very 
high  tides,  or  In  cases  of  danger  from  storms. 

896.  The  constniction  of  the  locks  for  basins  differs  is 
nothing,  in  principle,  from  thai  pnr«icd  in  canal  locks.  Tlie 
greatest  care  will  Dece«earily  be  taken  to  form  a  strong  roai<a 
free  from  all  danger  of  accidents.  The  gates  of  a  basm-Iock 
are  made  convex  towards  the  head  of  water,  to  j^ve  tliem 
more  Atn>ngth  to  resist  the  great  pressure  upou  them.  They 
are  hung  and  manwuvrea  differently  from  ordinary  lock 
gates ;  the  qiufin-post  is  attached  tn  the  side  walls  in  the  usual 
way:  hut  at  the  root  of  the  mitre-post  an  ii-on  or  brass  roller 
is  attached,  which  runs  on  an  iron  roller  way,  and  thus  sup- 
ports that  end  i«f  the  leaf,  relieving  the  ectfhu-  of  the  quuin- 
post  from  the  strain  that  would  be  otherwise  thrown  (»n  it, 
besides  giving  the  leaf  an  easy  play.  CSuuns  are  attaclied  to 
each  mitre-]H«t  near  tlie  centre  of  prefienro  of  tlie  water,  and 
the  gate  is  opened,  or  closed,  by  means  of  windlasses  to  which 
the  other  ends  of  tlie  cliains  are  fastened. 

897.  The  quays  of  wet-docks  are  tisiialty  built  of  masonry 
B4iih  brick  and  stone  have  Itcen  used;  tlie  facing  at  least 
sjintdd  be  of  drcttsed  stone.  I^rge  fendcr-lieanis  may  be  at* 
taded  to  the  .faee  of  the  wall,  to  prevent  it  from  being 
bi-o  ight  in  contact  with  the  sides  of  the  ve&scls.    The  cross 
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8ectit>n  of  qiiajwallR  should  be  Bxed  on  rlie  same  pnnclplei 
as  Uiat  of  ofiier  Bustuining  wuUb.  It  might  be  prudeut  to  odd 
battrasBCS  to  the  htu-k  of  tho  wall  to  strctigthcn  it  agstnet  the 
ehnrks  of  the  veMela. 

888.  Qoay'walls  with  na  are  ordinarily  made  either  by 
formitig  a  mcing  of  heavy  round  or  square  piles  driven  in 
juxtaiiijsltion,  which  are  conuecteil  by  Ijorizontal  pieces,  and 
fi<xnre(l  from  tho  prcsstirc  of  the  earth  tilled  in  behind  them 
by  land-ties;  or,  by  plaeing  the  piucefl  horizuutally  upon  eacli 
other,  and  aeenring  tiiein  by  imn  boUa.  Land-ties  are  nsed 
to  counteract  the  uresBure  of  tho  earth  or  rubbish  which  it 
thrown  in  bohina  thorn  to  form  the  surface  of  the  quay. 
An<^>ther  mode  of  uonstnictiun,  which  is  fuiiud  to  bo  strung 
and  durable,  is  in  nso  in  unr  Kafltem  ftcanorta.  It  coneieta  in 
making  a  kind  of  erib-work  of  lar^je  blocks  of  granite,  and 
filling  in  with  c-ai-th  and  stone  mbbislL  The  bottom  coursa 
of  the  crib  may  be  laid  on  the  bed  of  the  river,  if  it  is  firm 
and  hurizuntal ;  in  tlie  contrary  case  a  strong  griltngc,  termed! 
a  (TtuiU,  must  be  made,  and  be  sunk  to  rtH^^ivB  the  slotu;  work. 
The  top  of  the  cradle  ahonld  be  horizontal,  and  tlie  t)ottc>m 
should  receive  the  same  slope  as  tliat  of  the  bed,  in  order  that 
when  the  stones  are  laid  they  may  settle  horizontally. 

899.  Dikes.  To  piutect  the  K>wlaniJs  bord<.-ring  the  ocean 
from  inundationi*,  dikesj  constrneted  of  <»rilinarv  ciLrth,  and 
faced  towards  the  sea  with  some  mattriul  which  will  resist 
tlio  action  of  tlie  current,  ure  usually  resorted  to. 

The  Dutch  dikes,  by  means  of  which  a  large  extent  of 
country  has  l>een  reclaimed  and  protected  from  the  sea,  ar6 
the  most  reiiiarkHble  structures  of  tliis  kind  in  existence.  The 
croK  section  of  thtwo  diki-fl  is  of  a  ti'ti}>o.zoidal  f(trm,  the  width 
at  top  averaging  from  four  to  six  feer,  the  interior  slope  being 
the  same  as  the  natural  slope  of  tlie  earth,  and  the  exterior 
slopu  vnryiiig,  acooi"ding  (o  circumstances,  between  tlirco  and 
twelve  biue  to  onejporpendionlar.  The  top  of  the  dike,  for 
perfect  safety,  should  be  about  six  feet  alxjvo  the  level  of  the 
highest  spring  tides,  altliough,  in  many  places,  they  are  ouly 
two  or  three  above  this  level. 

The  earth  for  these  dikes  is  taken  from  a  ditch  inshore,  be- 
tweeu  which  and  the  fi-Mjt  of  the  dike  a  space  of  about  twenty 
feet  is  loft  which  answois  for  a  itiftd.  The  exterior  slope  is  va- 
riously faced,  according  to  the  means  at  hand,  and  tlic  ciiarao- 
tcr  of  the  current  and  waves  at  the  point.  In  some  cases,  », 
strong  straw  i  hatch  is  put  on,  and  firmly  secured  by  piukeia, 
orotlier  means;  in  others,  a  layer  of  fascines  ii  spread  over  tba 
thatch,  and  is  strongly  picketed  to  it  the  ends  uf  the  picketi 
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being  Allowed  to  project  out  about  eighteen  incbee,  so  that 
they  can  receive  a  wicker-work  formea  by  interlacing  them 
with  twicB,  tlie  epaccs  between  this  wiclter-work  beiii^  filled 
nnth  hriiKen  atone ;  tliie  formg  a  vcr^  durable  and  stror.g  lacing, 
which  resists  not  only  the  act.on  of  the  current,  but,  by  ita 
elaeticilv,  the  shocks  of  the  heaviest  wavea. 

The  toot  of  the  exterior  slope  re^jnires  peculiar  care  for  it8 
protection ;  the  sliore,  fur  this  purpose,  is  in  some  places  cov- 
ered with  a  thick  apron  of  brugli  and  gravel  iji  alternate  layers, 
to  a  (lietance  of  one  hundred  yards  into  tlio  water  from  the  foot 
of  the  slope. 

On  some  parts  of  the  coant  of  France,  where  it  has  been 
found  necessary  to  protect  it  from  encroachmentB  of  the  sea, 
a  cro6s  section  has  been  given  to  the  dikca  towards  the  sea, 
of  the  same  form  aa  the  one  which  tlie  shore  naturally  takes 
from  tlie  action  of  the  wave*.  The  dikes  in  other  respects 
are  const nictetl  and  faced  after  the  manner  which  lias  ueeu 
so  long  in  prac.tice  in  Holland. 

900.  Oroina.  (.'onstructiuns.  termed  groins^  are  used  when- 
ever it  becomes  necessary  to  ciieck  the  effect  of  the  current 
alonzthe  shore,  and  cause  (lepoeites  to  be  formed.  These  are 
artificial  ridges  which  rise  a  few  feet  only  above  tlie  anrface 
of  the  beach^  and  are  built  oat  in  a  direction  either  perpen- 
dicular to  that  of  the  shore,  or  oblique  to  it  Tliey  are  con- 
Btructcd  oiUicr  of  clay,  which  is  well  rammed  and  protected 
on  the  surface  by  a  facing  of  fascines  or  stones ;  or  of  layers 
of  fascines;  or  of  one  or  two  rows  of  short  piles  driven  in 
juxtaposition;  or  any  other  means  tlmt  the  locality  may  fur- 
nish may  be  resorted  to;  tlie  object  being  to  intern<«e  an 
abstacle,  which,  breaking  the  force  of  the  current,  will  occar 
sion  a  dcpoeite  near  it,  and  thus  gradually  cause  the  shore  to 
gain  upon  the  sea. 

80L  Sea-Tvallfl.  When  the  sea  encroaches  upon  the  land, 
foniiiiig  a  atct^ii  bluff,  the  face  of  which  is  gradimny  woni 
away,  a  wall  of  masonry  is  the  only  means  tliat  will  iifFoi-d  a 
pennaneut  protection  against  this  action  of  the  waves.  Walls 
made  for  this  object  are  termed  sfa-toaUa.  The  face  of  a  sea- 
wall should  be  ouiistructed  of  the  mos^t  durable  stone  in  large 
blocks.  The  backing  may  be  of  rubble  or  of  beton.  TBa 
whole  work  should  bo  laid  with  hydraulic  moitar. 
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a.  Clamifiration  of  Straint, — Any  rod,  or  b«r  of  homogeD«ou* 
itmcture  and  uniform  croa«-«ections,  may  be  regurded  as  a  pnsm, 
oompowd  of  an  infinite  number  of  Sbros,  each  of  vhicU  may,  in 
tiini}  be  conflidered  as  a  right  nriftm,  liuving  an  infinitely  small  area 
{or  ite  base,  and  ite  edges  |taniilol  to  ihoH  of  tho  priam. 

If  a  priam  ao  comiiosed  be  intentected  by  an  infinite  number  of 
plonea,  vucb  ]>cqH>iidiuiLtur  to  ita  edgvs,  tbuse  planiui  will  divide  the 
fibrt<8  into  infinitely  Rtnall  solids,  each  of  which  may  be  considered 
as  the  element  of  &  fibre ;  and  if  these  elementary  aoUda,  or  fibres, 
be  refen'ed,  in  the  usual  maimer,  to  three  rectangular  axe«,  two  of 
which,  as  X,  iiud  Y,  are  contained  in  a  plane  perpendicular  to  the 
edges  of  the  prism,  and  the  third,  Z,  parallel  to  them,  Uion  tho  area 
of  tha  boM  of  any  elenieittary  fibre  will  be  expressed  by  dc  r/y,  and 
its  length  by  dz. 

1>.  In  considering  tho  olcmeataxy  fibres  oontained  between  any 
two  of  tliese  consecuUve  planes,  it  will  be  readily  Reeo  that,  although 
the  relative  {>ositions  of  the  planes  may  bo  varied  in  an  infinity  of 
wa>i>,  tbey  admit  of  four  simple  relative  movements,  which,  either 
iiiugly  or  combiaed,  will  cover  all  thu  cauws  of  change  of  form  iu  the 
elementary  fibres  between  them,  arising  from  these  dianges  of  po- 
ntiouL 


^ 


■.A 


Tl^ 


O.  As  an  ilhxBtration  of  this,  let  (Fig.  A)  be  the  longitudinal, 
and  (Fig.  B)  the  croBS-sectiou  of  any  such  prism,  and  A.  B|  and 
C  D,  be  two  of  tha  oonsecutive  planes  in  question. 
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Ist  Tlifl  pluw,  C  B,  ni&7  be  moved  pandld  to  A  &  dtiiar  frpn 

or  U)wurcl»  it.  In  the  former  ca>ie,  the  elementaiT'  fioiw  bctWMB 
the  planes  will  bo  Icogtbcncd,  and  in  the  latter  ibortened  ;  and  the 
■tnuis  to  which  they  an  siibjeetcil  will  tavte  from  a  force  of  axtcn- 
■ion  in  the  first  cusr,  and  one  of  compreBsiun  iu  the  aoooiicl,  acting 
[nrallul  to  the  fibres. 

2d.  The  plane,  C  D,  coav  take  tlie  position,  C  D',  hy  turnuig 
wouod  some  lino,  O,  iu  it  u«  au  hjuh,  iu  which  case  the  elemaitar? 
fibres  on  one  side  of  thin  axia,  in  conforming  to  the  new  position  of  { 
C  D,  will  be  deflected  and  leugtheued,  undergoing  a  strain  of  ira- 
■ion  ;  whikt  those  on  the  oppo&ite  side  will  be  defieoted  and  short* 
euod,  uudurgoiug  a  Hti-ain  of  compnaouon ;  and  thoae,  as  O  O',  la 
the  piano  of  the  axi«  of  the  pri^ni  and  of  the  axi£  O  of  rotation, 
will  be  umpiy  deflected,  without  niiy  change  in  their  original  It-ugth  ; 
the  plane,  C  D,  in  its  ucvr  position  C  D',  continuing  normal  to  all 
the  elementary  tibres  in  their  new  position  of  deflectiuu. 

Sd.  Hio  phuiB,  C  D,  (Fig.  C)  may  rt^eive  a  motion  of  tninsUiion 
in  the  (Urection  C  D,  parallel  to  A  B,  in 
which  any  elementary  fibre,  as  a  b,  will 
take  a  new  position,  a*  a  V,  oblique  to  ita 
original  puaitlon. 

4tli.  Or  the  plane,  C  "Df  may  reoeivs  a 
motion  of  rotation  around  some  axis  pen* 
pendicnlar  to  il,  iu  which  case,  the  base  of 
any  elementary  fibre,  ns  b^  in  tlie  plane  O 
D  (fig.  li),  will  take  a  new  portion,  de- 
scribing a  small  arc  in  the  plane,  0  D 
around  the  axis  of  rotation. 

It  will  now  b«  easily  apprehended  that  any  el«nieofa?T  fibre  being 
•ubjeot«d  to  two  or  more  of  these  movements  tf.mbiued,  the  result- 
ing strains  brought  upon  it  will  arise  from  these  simultaneous 
movements. 

As  these  r«hitiTe  changes  of  position  of  the  planes  in  question 
are  due  to  forces  exterior  to  the  prism,  and  as  their  action  is  ro- 
listed  by  the  molecular  forces  brought  into  play  by  the  strains  on 
the  fibres,  several  pruth-ms  arute,  iruui  tliis  action  and  reaction 
wbi(^  come  within  tlte  pmWnce  of  ratioiuU  mechanics,  aided  hy  ex- 
periment, for  their  solution,  and  which  find  Uieir  application  in  the 
resistanou  offered  by  the  solid  portions  of  structures  to  the  forcea 
to  which  they  are  subjeoted  from  the  form  and  diMiign  of  the  struo- 
tnr«. 

The  object  of  this  iVoto  is  to  give  the  mode  of  solving  some  of 
the  more  siiuple  problems  wliich  fall  under  this  head. 

d.  fMalion  helteem  Uu  Elonga^on  and  Ote  Firce  hy  vhiek  it  is 
produced,  in  <A«  catt  of  a  rod  or  bar  of  a  given  oross^fscfwrn^  th* 
jorett  acting  in  tho  dir9cti4)n  of  the  axis  of  t/is  bar. 

From  experiments  made  upon  homogeneous  bars  of  small  area  of 
crott-wction,  and  within  the  limits  of  elasticity  of  the  mst«rial  of 
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wMch  the  bar  Is  compoaedl,  it  has  beeu  shown  that  the  elongatiuOf 

from  tjxy  force  acting  in  the  direction  of  the  axis  of  tho 

bar,  is  directly  proportiansl  to  the  length  of  the  bar,  and 

to  the  force  itself,  and  inversely  as  the  area  of  the  oroaa-        c 

•ectiou. 


Kepresest  (Fig.  D)  by 

L,  the  original  length  of  the  bar. 

W,  the  foro)  upplied  to  lengtlieu  it 

I,  the  elongation  due  to  W. 

A,  the  area  of  the  croBft-B«ctioii. 

E,  a  constant  to  be  determined  by  experimamt. 
Then,  from  the  law  expresHod   above,  obtained  from  ex- 
periment, there  obtains  the  relatioa 

WL 
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l^ 


£  A 


henoa 


and 


W=EA^;(A) 


W 


G 


(B) 


Equation  (A)  gives  the  relation  between  the  foroe  and  ita  oom 
Bponding  elongation  ;  and  J^.  (B)  Mhows  that  the  ratio  of  the  straiii 

W 

ou  the  unit  of  area,  expressed  by  -p,  and  the  elongation  of  the  unit 

of  length  expressed  by -7- is  oonstaat     The  ralue  of  the  oonstanfi 

Lt 

depending  on  the  nature  of  the  tnat<riaL 

Making  A  b  1  and  ■=-  =  1,  in  Eq.  (B),  there  obtains 

tliat  is,  K  is  the  force  which,  applied  to  a  bar,  the  orou-saotion  of 
which  is  a  sujwrfictal  unit,  would  produoe  an  elongation  equal  to 
tlte  original  length  of  the  bar,  supposing  ita  elasticity  perfect  up  to 
this  limit.  The  quantity,  E,  thus  defined  is  termed  the  co«Jla«ni 
0/  eiasticitt/. 

Equation  (A)  may  be  stated  as  the  fiindamental  proposition  is 
this  subject  ujwn  which  the  solution  of  all  the  others  depends. 

e.  To  Jmd  tA«  TtUilions  hetfOfen  the  Elonfjalinn  and  tha  Pitreat 
prodacinff  U,  toA«n  lA«  %oeiffht  of  t/a  bar  is  taken  into  eojmderation. 
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In  Eq.  (A),  the  only  foroo  acting  ia  W,  the  ^oif^lit  of  tbo  b&i 
itself  btfiitg  uegleoted.  Tu  detenuiuu  Uie  etuu^Uuu,  Uiu  \ilUti 
buing  Lakuu  into  accumit, 

Beprcoent  (Fig.  D)  by 

I^  the  total  ohgizuJ  length  of  the  burl 

Af  tbe  arm.  of  Uio  croaa-aactiou ; 

ir,  tbu  original  length  of  any  portioD  as  A  0 ; 

ilx,  tbo  iL-iigib  of  an  elementary  porCioD  of  A  0 ; 

W,  iba  force  a[)]i]ie<I  at  Uio  end  B ; 

to,  itu]  weight  of  a  tlnit  of  volume  of  tbe  bar. 

Tbe  volume  of  tbo  portion  H  C  vlll  be  expreeced  by  (L  —  k)  A  ; 
and  its  weight  by  (L  —  »)  A  to. 

The  total  fonw  acting  to  elongBte  tbe  portion  A  G  will  be  ejc* 
prenod  by 

W+(L  — a;)  A  w. 

The  relatioDB,  therefore,  between  this  force  and  the  elongation 
produced  by  it  on  any  eleim*Dtary  |>ortiun  da^  will  be  obtaiuod  by 
wilwtituting  dx  foi  L,  and  W  +  (L—  x)  Aw  for  W,  in  Eq.  A. 
Making  theee  subatitutionB,  and  finding  tbe  corresponding  elonga- 
tion, there  obtains 

W+(L-r)  Aw. 

'" Ta '^ 

The  total  length  of  dx  after  elongation  will,  therefore,  be 

.,,  .   W  +  {L-a;)A»._ 

dx  + EA  ^ 

Integrating  tliis  between  the  limita  sa  =  0  and  a;  s  L,  there  obtaina 

"■*■  eX"^    ea    ' 

for  the  total  length  of  the  her  mder  elongation. 

f.  It  will  be  readily  aeen^  firom  tbe  preceding  discnmion,  that 
the  grealcnt  strain  on  tlio  bar  will  bo  ut  tbe  to[>,  and  that  it  will 
arise  from  tbe  force,  W,  and  its  own  weight,  nr  from  W  +  L  A  te. 
Tlio  sii-aiiis  on  tbe  other  sections  varying  with  x,  will,  therefore, 
deorcaae  as  x  increases.  Consequently,  tbe  Btraia  on  each  unit  of 
area  of  tbo  bar  will  be  varinblR ;  and,  rt-preaeutiiig  by  x  any  vnria- 
blfl  length,  as  B  C,  estimated  from  B  upwards,  tbe  force  acting  on 
tlie  unit  of  area  at  any  \}o'mi  to  produce  this  strain  will,  from  Eq. 
(A]  be  expressed  by, 

A  «'  ^    ' 

In  which  A  Is  the  elongation  oorreeponding  to  x;  and  in  order  thai 
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the  Btrain  shall  b«  the  same  on  the  tinit  of  area  of  every  section, 
and  therefore  equally  strong  at  each  section,  —  mast  be  coiiBtant. 

g.  1 J  tipply  this,  let  the  cross-section  of  l^e  bar  (Fig.  E)  at 
every  point  be  a  circle,  and  let  the  radius  of  any 
one  of  these  circles  be  represented  by  r. 

The  area  of  the  circle  will  be 

and,  dx  being  an  elementary  length  of  the  bar,  any 
elementary  volume  will  be  expressed  by 

*  r»  das, 

and  the  weight  of  tnis  elementary  volume  by 

*  r*  dxto. 

For  any  volume  of  the  bar  of  the  length  a^  the  ex- 
pression for  the  weight  will  be 


«7  f  9  r*  dse. 


Substituting  these  values,  in  Eq.  (C),  for  A,  and 

a>  A  w,  and  making  —  =  c,  there  obtains 


W+  tofv  r'  dx 


*r» 


=  Ec;  (D) 


to  represent  the  strain  on  the  unit  of  area  on  any  erosa-Beotion. 
Difierentiating  £q.  (D)  there  obtains, 


hence 


«rirr'(2x=Ee2vr  </r, 
dr 


which  integrated  gives 


r  =  ^c^ 


which  shows  that  the  line  cut  from  the  bar,  by  a  teotion  throii|^ 
the  axis,  is  a  logarithmic  curve. 

Making  ir  r*  =:  A,  and  E  e  =  m,  in  Eq.  (D),  tiieie  obtaina 

"W+wjAdx  =  fliAj  (E) 
bmce,  'ly  difierentiaUon, 

tad 


wA.(b!  =  mdA, 
dA 


A        m 
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iDtegrating  tills  exprwBionbetv«entb«  limits  of  or  :=  0,  Anders  I^ 
an<l  represeotlng  by  A',  and  A"|  ihe  correspondiiig  T&luea  of  A, 
and  iu  which  r  will  take  the  oorra^Ktadiug  valaoi  r'  ^  b  n,  uid 
r"—  am.  there  obtains 


^ence,  passing  to  the  equiralent  nnmben, 


m 


A"  =  A'*        i(P) 

But,  from  Eqi.  (D)  and  (R),  the  quiuitity  "Ee  =  m,ia  evidentlj'  tli* 
weifht  or  force  of  tension,  on  the  uiiit  of  area  at  any  croaa-aectioa 
of  t&e  bar;  bo  that,  at  the  loweit  point,  where  the  strain  arii 
from  the  foroe  W  alone,  (he  total  strain  on  A  will  be  ezpr««sed  bj'^ 

nt  A' ;  benoe 

mA'  =  W,andA'=-^ 
fa 

Substitutiog  this  Talue  of  A,  in  £q.  (F),  there  obtains 

for  the  value  of  the  area  at  the  upper  end. 

b.  Jkhtioiu  b^uxena/oreeicKichprottii*e$»tmpted^^t«etionanii 
(A«  eiorwaliont  and  eomprtinoiw  of  the  j^bre*  of  a  tor,  <&«  erott- 
$ectian  being  uniform  and  tymtaelrical  with  rt^teet  to  theptcmB  im 
which  the  force  acta. 

In  the  probUoi  br-re  propoeed  fn-  solntioo,  the  circumstHncea  ara 
the  same  as  tbo8«  that  usually  obtain  in  all  structures  Bubjrfcteol  to 
forces  which  ant  either  nbliqiiely  or  pcrpendioularly  to  the  tibrfs  of 
the  inat<>rial  of  which  the  parts  are  composed ;  as,  for  ncampli*,  in 
the  various  kind  of  framea. 

Tn  all  such  CA8«s,  the  cro«»«ectiou8  of  the  parte  are  either  uniform, 
or  else  they  vary  by  insenaibte  d(^«»efl,  by  a  law  of  oontinuitr  from 
one  point  to  another;  the  tigurce  of  the  croes-soction,  at  any  two 
points  at  finite  distances  apart,  being  similar,  but  re^rded  as  tha 
same  between  auy  two  sections  infinitely  near  each  otber. 

It  has  been  iitated,  in  the  illustration  already  given,  that,  in  tfa* 
case  of  simple  deflection,  the  hypotheses  generally  adopted  are  :  lat, 
that  the  planes  of  cross-section,  gieqiendicular  to  the  libres  of  anj 
bar,  taken  at  distancee  infinitely  near  each  other,  will  remain 
normal  to  the  fibres  after  deflection ;  3d,  that  these  planoa  will 
rotate  around  some  line  drawn  aerou  the  figure  of  the  aroea-secttoD ; 
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5d,  that  the  fibres  .yiag  on  on^  side  of  this  line  wtU  he  extended, 
and  those  on  the  otbor  comproBsod  \  4tli,  that  the  elongation  or 
compreBaion  of  any  fibre  will  be  pmportional  to  its  distuioe  frnm 
this  line;  and  6th,  th&t  all  the  fibres  contained  in  a  plane  passed 
through  this  line  and  [>arallel  to  the  axis  of  the  bar,  irijl  not  be 
changed  in  length  by  Uio  duQection  undergone.  The  omtral  fibre  ii» 
this  plane  is  termed  the  mean  or  neutraljibrat 


*    '^ 


Let  (Fig.  A)  be  the  longitudinal  section,  and  (Fig.  B)  the  figure 
of  the  uniform  croas-seotion,  taken  at  any  point  as  A  B  (Fig.  A), 
and  which  ia  ^mmetrical  with  the  line  A  S  (Kig.  B)  cut  from  the 
plane  of  cross-section  by  the  plane  passed  through  the  axis  of  the 
bar,  and  in  whicli  a.  (orw,  W,  acta  at  the  point  F,  to  cause  defieo- 
tion  in  the  bar,  which  may  be  suppoeed  to  be  fixed  in  any  manner 
at  the  poiut  E.  LetEj  F  bo  the  uieun  fibre  cut  out  by  the  plane  of 
longitudinal  section,  and  O  P  the  line  of  the  fibrL>s,  cut  by  the  plane 
of  croes-eection,  which  are  not  changed  in  length  by  the  deflection ; 
and  which  may  be  termed  the  n«u4ni^  a£eis  of  the  crois-section. 
Let  O  X  and  O  T  be  two  rectangular  co^rdiuuta  axes  to  which  all 
pointe  of  the  cross-section  are  referred. 

Huprescut  by 

L,  the  original  length  of  an  eletnentary  fibre  as  S  B,  a  b,  (Fig.  A) 

a  ^  da  df  the  area  of  its  onni-WotiDn  ; 

X  and  y,  the  oo-ordinataa  of  a ; 

o,  thu  infinitely  small  angle  which  the  plane  C  D'  makes  with 
its  onginat  position  C  D  a^r  deflection. 

Now,  from  the  hypothesis  adopted,  any  fibre,  as  a  b  (Fig.  A), 
contained  between  two  oonaeoutiva  planes,  will,  afl«r  deflection,  be 
lengthi^ned  by  on  amount  equal  to  b  o  in  the  relative  change  of 
position  of  the  piano  O  D ;  and  aa  the  distance  of  this  fibre  from 
the  neutral  axis  is  y,  this  increase  of  length  will  he  eTpressed  by, 

ill  li]ce  manner,  the  decrease  in  length  of  any  fibre  at  the  same  din 
taooe  from  the  neutral  axis,  on  the  other  side  of  it,  will  alio  be  sx- 
pnned  by  y  u. 


09S 
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Resamlng  now  Gq.  (A),  and  8nb!itii.utuig  in  its  Bpooud  iiMnbat' 
dxdyesa  for  A,  and  y  n  for  /,  there  obtaiiu 

wliicli  {>x]>ix>»w!a  tlie  relatinn  bettveen  the  Btrun,  imd  the  oorrasponil* 
itig  elongution  for  any  ctomoutAiy  fibre. 

Tlierefor?  the  total  ■train  ou  the  fibres  oloogated  will  be  eoL- 
|iruKKcd  hj 


^ffEdxdyy. 


In  like  mumer  the  ctnuiis  on  the  oompressed  fibres  will  be 
pressed  by 


-^ffE^Ovy. 


the  negBtivo  k^  being  used  to  denote  tlie  contrnry  directtan  of 
the  elnstio  resistjuioe  of  the  comproesiMl  fibres. 

As  these  strains  are  cnuscd  hy  the  force  W  acting  to  deflect 
thu  bar,  ajiJ  therefore  to  produce  rotation  about  any  Dcutru.!  axis, 
as  0  P,  with  an  arm  of  k'ver  O  V  =  s,  there  will  ubLatn,  to  exjiresa 
the  conditions  of  equilibi-itim  of  the  i^tem  of  force*, 


nd 


■^JTEdxdyy-   ~jyRdxdyy=0;{Q) 


^jy^dx  (^y'+^yi'E.irdyy'-W.sOi  (H) 

£q.  (Q),  which  expn>iises  the  ooDdilion  tlist  the  alRabraic  auni  of 
tlic  struins  on  all  the  llbrm,  parollRl  to  the  mesn  nbr*  S  F|  and 
perpendicular  to  the  plane  C'D^,  is  equal  to  zero,  thoira  that  the 
neutral  axin,  O  P,  patMea  throu>;h  the  centre  of  gravity  of  tlie 
figuro  of  tho  croes-SL-ctiou  ;  autl  Eq.  (H)  that  the  snm  nf  tb^ 
momenta  of  the  sti-ains  and  of  the  force  W  is  aUo  equ«l  to  zero. 

When  tho  centre  of  pravity  ooincidwi  witli  tlie  centre  o(  figiirn, 
or  the  neutral  axia  divides  the  oroaa-aectiou  uymuietricaU/j  K^.  (H) 
becomes, 

^17   Xf^  dbrfy  y»  -  W«  =  0.  (I) 

1.  The  expression 


ffEdxdyy' 


H  will  be  non  is  analogous  to  the  general  expranion  for  the  nii> 
tueut  of  inertia  of  a  volume  of  uniform  density^  in  which  £  is  coo 


APPSTDIX. 


Rfi» 


atani  ftn<3  depends  only  on  the  phj-sical  properties  of  the  inat«ria]f 

»ud  /ytic  t/y  y'depeutU  entirely  for  ite  value  on  the  figure  of 

th«  cross-Aection,  To  apply  this  to  uiy  particular  figure,  the 
integral  niiuiL  be  taken  between  j:  =  0,  itnd  x  =  &,  in  wliich  b  ii 
the  breailib  of  the  figure  estimated  along  the  neutral  axis;  and 
betveea  y  =  0,  and  y  =  }  <^,  in  which  d  is  the  length  of  the  fi^re, 
estimated  along  the  Une  drawn  thrvugh  its  centre,  and  perpendicu- 
lar to  thf^  neutral  axis. 

The  eicprcBsion  3  /  /  E  dx  dy  y*  is  called  the   moment  of  jUaa^ 

hilUyf  and  W:  tliat  of  the  httviing  rnomtnt. 

k.  Particular  moments  of  jlexibUUy. — The  ralnn  of  the  imiment 
of  Hcxibility,  wliich  is  a  mere  problem  of  calculus,  is   pnailv  found, 

for  any  geometrical  figure  from  the  double  integral  /  /  tfxdy  y*. 

For  exampliis,  whoa  the  croaH-section  of  the  figure  is 
B  rectangle  (Fig.  ¥),  in  which  b  itt  tho  breadth,  and  d 
the  depth,  the  integral,  taken  within  the  limits  x  =  0, 
aiid  x=  bi  y  =  0,  iLod  y  ~  ^  d,  becomes 

1 


2jydx  dy  y 


'-n'^"' 


2.  For  a  cawas-aeotion  (Fig  0),  like  that  of  a  hollow         ^^  ^ 
girder,  in  which  6  is  the  entire  breAdth^  d  the  total 
depth,  b'  the  breadth  of  the  hollow  iutorior,  d'  its  depth,  tho  limits 
become,  x  =  6  —  A' ;  and  y  —  \d  —  ^d';    and  the  ^ 

moment  of  flexibility. 


n«,  o. 


^ffdx  dyy'^^  {h  d*  -  6  V'). 

The  BxjireftKion  will  be  of  the  same  form  in  the 
ease  of  the  crosK-sectioii  of  the  I  girder  (Fig.  U)  in 
which  b  is  tlio  breadth  of  the  tlange»  ;  b'  the  sum  of 
breadths  of  thit  two  ahouldt:i«;  d  tlie  depth  of 
the  girder,  atid  (f  the  depth  between  tlie  flaiigeR. 

3.  When  tho  cross-section  is  a  circle,  and  the  axes 
of  coordiiuLtes  are  taken   thi-ough  the  coutro,  tho  limits  ot  te-mU 

bd  +  r  and  —  r ;  and  those  of  y  =  V  t**  —  »*  will  be  the  same ;  and 

'        ijydxdyy^^^tr** 

4.  For  a  hollow  cylinder,  in  which  r  is  the  ex- 
terior and  r'  the  interior  radius    the  integral  is 

5.  When  the  crviM-Boctjou  is  an  ellipse,  and  the 
Doatral  axis  coinciden  with  the  conjugate  axis, 
if  the  transverae  axis  be  reprasented  by  d,  and  the 
ooiijugnte  by  h,  and  tlie  limits  of  »  and  y  be  taken 
ta  in  the  circle,  then,  rig.  s. 

Kw  itic  Inuvnl /y  A  ^  V^  m  Ckwta>  Cblnha,  irt.  lai^  p.  «n  :  okl  ut.  3Bt  p.  M 


ii" 


A 


S5< 
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L  Strain  on  (JU  unit  ofarta. — Ratarmng  to  the  general  expra» 
rion  Eq.  (I),  by  rsprflsenting  2  //^  dy  y*  by  I,  it  beoomen 

muldplying  eacli  moinber  of  this  e<iTiadon  hj  y,  thore  obtaini, 
ya       "W*  ya       W* 

Bat  ytt  la  the  elongation  of  the  olementAry  fibre  L  at  the  distuioo  y 
&om  the  neutral  axia,  therefore,  £q.  (A),  u 


is  the  Btrain  oa  the  nnit  of  area,  ao  "E,  ^  ^  — =—  y  is  the  Btraln  re- 

ferred  to  the  umt  of  area  cause4l  by  the  deflection  on  the  elemeDtary 
fibre  at  the  distance  y  from  tb«  neutral  axia. 

Taking,  for  exmmple,  a  bar  having  a  uniform  rectangular  croes* 
aection  of  the  depth  a  anil  brcAilth  h\  ajid  re[>reaentiiig  by  R  the 
limit  of  thfl  Htratn  on  the  nnit  of  aran  nf  the  fibres  at  the  distanoe 
^  from  the  neutral  axis,  and  for  y,  subetituting  ^,  and  for  I  its 
voluo  -^h  d* ;  there  obtains,  from  Eq.  (K), 


B  = 


(L) 


whioh  expresses  the  relations  that  must  exist  between  (,  <£,  W  and 
>  to  satisfy  this  conditioa. 

in.  The  quantity  -(■  R  6  d*  receives  the  name  of  the  mommii  of 
rufolurd,  when  R  is  the  strain  on  the  unit  of  surface  at  the  instant 
tliat  rupture  takes  place ;  and  its  value  has  been  dctemiiued  by  di- 
rect experiment  as  stated  in  the  subject  of  the  Resistance  of  Ma- 
t«rials.  But  it  is  to  be  noted  that  as  the  proportionality  of  the 
elongations  or  oomjircHJons  of  the  fibren  to  the  forces  causing  them 
Is  true  only  within  certain  limits,  and  that  it  faiis  when  the  strain 
approaobes  that  of  rupture,  the  results  obtained  from  Eq.  (L)  will 
be  found  to  aciconi  with  experiment  only  within  these  limits. 

ft.  Tlie  equation  R  =  -^  y  is  used  for  determining  the  strength  ami 

proportbns  of  prismatic  bsama.     If  the  beam  is  prismatic  it  is  eri 
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dent  Uiat  tlie  greatest  strain  vil]  be  vrhere  tlie  momeei  cf  external 
furces  is  gr(-at43»t,  and  Ihe  tnuisvurse  section  ut  this  point  is  odled 
the  (ianfftrous  tMtujn  /  uid  generaJlj  it  14  tKe  leotion  most  liable 
10  break  in  anj  beam. 

Com  l»t.  If  tJie  beani  is  fixed  at 
one  cod  sod  loaded  ut  the  frvo  end 
(Fig.  a)  we  have  for  the  dangerous 
BMtion 


in  which  t  ia  the  length  of  the  beuo. 
If  the  beam  is  reotaDgoltr  this 
becomes 


R  =  6 


n»«. 


If  it  ts  required  to  find  the  depth}  we  uanme  a  safe  ralne  for  B, 
and  have 


=v 


wi 


BRbiP 


I&  A  itmilsr  way  ^o  niaj  find  any  one  of  the  qoantities  when  all 
bat  one  are  known. 

Case  2d.  If  the  be«Ri  ia  unifanulj 
loaded  (Fig.  b)  we  have  for  the  danger- 
ous section 

i  W(  =  f  B  6  <r 

Gut  Zd.  If  the  beam  is  supported  at 
Hs  ends  and  loaded  by  a  weight,  P,  pj,,  ^ 

placed  at  the  middle  (Fig.  e),  the  dan- 
gerous MCtioD  will  be  at  the  middle,  and  we  ahsU  haTe  for  reotao* 
gular  beams, 

i  P  J  =  ^  R  6  rf", 

in  which  I  is  the  length  A  B  between  the 
sitpporta. 

Cast  ith.  If  the  beam  is  nniformly  load- 
ed and  the  other  conditions  the  same  ss  in 
the  preceding  case,  we  hare 

i  Wi  =  J  R  ft  (T 

(For  other  cases,  see  Wood's  UtaislanM  of  Mai^riaU.) 

n.  S<AiiU  of  Equal  JtetutanoA. — ^A  like  problem  presents  itsolf 


!%.«. 


iU< 
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In  strAins  oauocKl  hj  ieflection,  to  the  on«  in  vhicK  Ifao  Btrnina 
cnuacd  by  a  force  acting  in  the  direction  of  the  fibres;  in  whicn, 
the  crow-Mctioiis,  varying  from  point  to  point,  but  bving  uuUor 
6gttre«,  it  is  proposed  *o  to  determine  tlw  longituJiuul  swtjon,  Uiat 
the  grmiefit  Htrain  on  the  nmt  of  vem  for  each  eroasHieoiion  BhaU 
ho  conirtant. 

itepraienting  this  constnnt  strain  by  R',  and  snppoaing  Uie  croi» 
•eotioiu  io  bo  raolwigles,  Eij.  (L)  beoomsa 

Now  Eq.  (L'}  nay  be  ntisfied  in  vnriouB  wnys;  by  mnking  W 
either  constaut,  or  variable  witli  a;  by  making  vittji>r  h  or  J  oon- 
•tant)  or  variable ;  or  by   making  any  one  of  thewj   ipiantities    to 
vary  with  the  other. 
The  following  caMt  may  be  taken  aa  examples  of  the  api>licaLioD« 

ftffiq.  (L'):— 

dwlsC  Snppose  a  bar  (Fig,  I), 
the  croK»-«eolioD  of  which  at  ere 
point  ia  a  rectaiigh-,  m-ith  a 
Btnnt  brradth,  bnt  variahlR  dept 
to  be  fixed  at  ono  end  in  any 
iitT,  and  straini-d  by  a  const 
force  W,  acting,  at  (he  other, 
thA  plane  contnining  the  mean  flbr 
and  pBTftendicuhir  to  IhU  Sbnh^ 
nj,  L  Por  any  cro»»-»ection    at  the  dia. 

tance  a  from  the  point  of  applica^ 

tion  of  W,  repnwnting  the  variable  dupth  by  y,  Kq.  (L*)  bwomea, 


E' 


y*  = 


6W 

TW 


which  hi  the  eqnation  ^^f  ft  parabola,  the  vertex  of  which  in  at  tlie 
ixiint  B.  Aasuming  tin-  line  A  B  of  ih©  longitndinul  Mcrion  to  l»e 
a  straight  line,  the  line  B  D  which  bounds  the  6gure  on  the  oppo- 
nt«  Bide  will  be  the  pamlioU  given  by  the  p«iun(ion. 

Can  2d.  If  the  strain  Mrisrs  from  ■ 
weight  uniformly  dixtributeJ  along  the 
line  A  B  (Fig.  K),  and  that  for  n  nnit  of 
length  of  the  line,  tlie  corresponding 
weight  is  r<>preBPnted  by  tp;  then,  for  any 
dtfitiinet?  2  fit  in  B,  thu  ni>ight  will  bo  tr  t| 
and  ita  lever  arm,  for  the  t  po9*«»x:tion  atj 
the  distance  t  from  B,  will  be  f  «.  If 
"^  ^  then    the    breadth  remains  conataut  aud 

dei^th  vmable,  Eq.  (L')  will  take  the  form, 
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P,  _  «  a.  j  e 


•.  *•  = 


3  w 


_      /3^ 


^.■,and»=y_.; 


which  is  tlie  (Mjuation  of  m  righl  Une  B  S  of  which  B  is  the  origin 
of  oo-ordinat^ft. 

Cam  Zd.     Taking  W  as  in  the  first  case,  lat  the  ratio  of  6  to  a 
be  oouftUnt,  or  6  =  dm,  thau  Eq.  (L'}  will  become 


B'  = 


Wz 


i«»y 


i..'.y'= 


6  W 
B'm 


which  is  the  equation  of  a  oubicftl  parabola  for  tho  curve  (Fig.  E) 
-  Com  4th.  Taking  W  as  in  tho  first 
Be,  let  the  deutli  d  (Fig.  L),  be  con- 
atant,  and  the  breadth  vari&ble.  Re- 
presenting thia  variable  breadth  bj  Xy 
Eq.  (L')  beconiae 


R'  = 


Ws 


iajrf"" 


X  s 


6W 


H- 


Fg.M 


which  is  the  equation  of  a  right  lino 
having  tlie  urigui  of  co-ordinates  at  B.  Tiie  figure  of  the  longitu- 
dinnl  section  |>er|)endicular  to  the  line  of  action  of  W  will  be  mm 
iBOxccIes  triangli;,  C  B  D. 

iJate  bih.  Supposing,  as  in  the  second 
ease,  an  equal  w-i-ijjht  to  on  each  unit  of  . 
length  to  be  diittribut^d  along  the  centre 
line  A  B  (Fig.  M),  and  the  depth  to  be 
oonstaot  and  bi-eadlh  vai-iable.  Then 
for  »nv  crosR-aection  at  the  distance  « 
from  B,  Eq.  (L')  becomes, 

which  ia  the  e<|uatioD  of  a  parabola  hav- 
ing it«  vertex  at  B,  at  which  point  A  B  is  tangent     The  figure  of 
the  longitudinal  section  will  therefore  be  bounded  bjr  the  two  equal 
and  sruuoati'icul  parabolic'  aroa  B  G  uud  B  D. 

Cate  fi£A.  Supposing  a  but  to  rest  horixontoUjr  on  two  supportSj 
A,  B  (Fig.  N],  at  its  two  ex* 
treitatiut,  nnd  to  be  strainod  bj 
a  weight  W  acting  at  uiiy  point 
D,  and  that  its  depth  ia  variar 
bto  and  breadth  cunstauL  Ite- 
prviK'nt  the  length  A  B  by  2  /, 
aud  Uie  tU»tance  C  D  between 
thu  a.iddlu  point  of  A  B  and 
tho  cross-Hoctiou  where  W  acta 
\>j  t. 


E 


Ai 


-^ 


^ 


m-iL 


Me 
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Trom  thfl  theorem  of  para]l«l  totem,  Uie  prauura  on  tfaft  pomti  A 
and  B,  imil  oonsequeuUy  their  reaction,  are  tJie  parallel  componeiite 
of  W  acting  at  theee  poiuu,  and  are  exprewed  lor  the  point  A,  by 

W,  and  for  B  by  —  ■  .—  W  j  and  thwr  reapeotLve  moments, 


21 
with   regard  to 


2t 


the  neutral   axis  in  the  eroea^eotion  at  D,  by 
W.     £q.  (L'),  therefore  for  any  croM-aection,  be- 


_    W  (P  -  «*)        1 

^  -  — ri — •  pv'  • 


^  =  ^^'-^'^ 


JL_.;^^. 


which  is  the  equation  of  an  ellipse  referred  to  its  centre  and  axta. 
The  lino  A  B,  therefore,  Wing  a  ri^jht  line,  the  outline  of  tha, 
longitudinal  sectioo  of  the  bar  on  ue  opposite  side  will  be  the' 
Beuii-eUi)ise  A  £]  D ;  the  semi-conju^te  axis  of  which  can  be  found 
from  the  equation  of  the  curve  by  making  x  =  0. 

Were  the  weight  W  to  act  at  the  point  D  alone,  then  the  problemi 
would  fall  into  the  C<U€  1,  and  the  longitudinal  section  would  he 
boonded  by  the  two  parabolic  arcs  A  E  and  B  E. 

Cage  7th.   SuppoaiT^ 
a  bar  to  rest,  sa  m  th* ! 
preceding    cafu*,  on  two 
supiwrta,  A,  B  (Fig.  0), 
and  a  weight  w  to  m 
distributed     over    eaohj 
unit  of  lengi  h  of  the  cen- 
tre line  A  B;  the  depth 
of  tlio  bar  t^  to  be  con- 
stant,  and   the  breadthj 
rariable^     KopresentiiigJ 
by  3  I  the  length  A  B,  and  by  a,  the  distance  C  D  of  any  crosa-' 
Bection  from  the  centre  O,  th(>n,  from  tiie  theorem  of  parallel  forces^ 
as  2  w  Ms  the  totjil  wei|;ht  distributed  over  A  B,  the  pressure  ob 
each  support  and  consequent  reaction  will  be  w  f.     Bat  the  weight 
distributed  over  Uio  portiou  S  B  is  expree&cd  by  vi  {I  —  s).     Tho 
cross-section  at  D  will  therefore  be  strained  by  the  two  forces  to  I 
acting  at  B  upwArdt ;  and  u>  {I  —  k)  acting  through  the  middle  of 
the  difttnnce  D  B  downwards,  Eq.  (L')  to  conform  to  theae  cLrovuu- 
Btancee  will  become 

^- i^^i * 

••• '  =  ~ — vi^ • 

whicl  is  the  equation  of  a  uftrabola  referred  to  the  eo-ordinat«  axei 
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0  B,  C  £j<  The  longitaHtnal  kcUuq  perpendicular  to  the  line  of 
action  of  tiie  force  2  to  I  'vnil  be  bounded  by  two  parabolic  arcs  A 
B  B,  and  A  F  B,  the  verlioeH  of  wliioh  will  be  oa  tlie  liue  E  F 
biMcting  A  B. 

Cast  Ash.  If,  instead 
of  a  weight  unifonulj  ^^ 

distributed     along     the  ^5' 

centre  Una,  a  weight  W 
wen*  placed  at  a  point 
D  (Fig.  P)  of  this  line, 
then  the  moment  of 
eillier  component  of  W 
at  A,  or  B,  with  reapeot 

to  the  tnuuveiM  aectiun  at  D  will  be  equal  to  the  moment  of  flexi- 
kility  at  this  section.  TbiB  case  therelore  ia  Uic  aame  aa  io  Ctus 
4,  and  the  outline  of  the  longitudinal  UM^tiou  will  bo  two  isosceles 
triAngles,  having  a  common  baita  E  F,  and  their  vertices  at  A  and 
B. 

If;  B8  in  Com  6M,  the  weight  may  act  at  any  point,  then  the  out. 
Una  will  be  two  parabolic  area,  ha>-ing  their  vertices  on  tho  per- 
pendicular to  and  bisecting  A  B  as  in  Cai«  7th. 

0.  JSlffect  of  th^  Jiffure  of  M«  erost-tsction  on  tJte  renstanea  to 
ttraina  oauitd  by  dtjffection. 

From  Kq.  (K)  which  givm  tho  strain  on  the  unit  of  ar«a  for  any 
fibre  at  the  diatonce  y  from  the  neutral  axisf  or 


there  obtaina 


W« 


sB. 


From  thii  it  it  wen,  that,  for  any  oonstsuit  value  of  the  bending 
moment  Vfzf  the  strain  R  ou  the  unit  of  area  for  any  fibre,  at  the 

diatonco  y  from  the  neutral  axia,  will  be  the  smaller  as  -^   is  the 

greater.  But  for  any  two  croaa-eootions,  liaviug  the  samu  area  A, 
in  which  y  =  ^  d  a  tho  distance  of  the  extreme  fibre  from  the  ncu* 
tral  axil  1  will  be  tho  greater  ta  ^  d  Im  the  greater.  These  con- 
aderations  therefore  give  a  very  simple  means  of  comparing  the 
relative  resistance  offered  to  deSeotion  by  croes-fiootions  of  e(juiv»> 
tent  areas,  but  of  dliTerent  fignres. 

Taking,  for  examples,  tlie  oquivulent  crosa-Mctianji  in  the  reo* 
tangle  (Fig.  F)>  the  ellipse,  and  the  x  girder  (Fig.  U^  the  respective 

Values  of  — ,  are,  for  the  rectangle, 
I" 
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(br  tbb  ellipse,  tLe  aren  of  which  ia^  v  bd^  there  obtJOM) 

for  the  X  or08E4eotloii«  if  the  bre&ilth  6  —  ft'  of  the  web  connecting 
the  two  flaoges  be  so  small  that  ita  area  may  bu  ui-gK-ctc>(l  in  esti- 
EDAting  the  quantity  I,  and  id  lik«  loaDuer  th«  thickness  d  —  d'  of 
the  fluigeB  be  oIbo  bo  stnull]  as  cuiufwnxl  vriih  </,  that  it  may  oIho  he 
neglected  in  the  samfl  way,  the,D  the  vaJuo  of  1  will  uearty  approHch 
to  the  quobtity  ^  A  i/*,  in  which  A  is  the  area  of  the  flanges,  ther^ 
fore 

±^k±^  =  iAd. 


CompariDg  the  three  values  above  of  y>  tt  ii  apparent,  tha^  A 

bei»K  the  Baiao  iti  each,  the  oroes-seatiou  of  greatest  rDMstance  i* 
thut  of  the  X  fonn ;  niid  that  of  the  twcUngle  is  greater  tlian  ld  tbo 
t:llii>iie.     And  (hat  lu  each,  A  reiuaiiuug  the  same,  but  b  varying 

inversely  as  d,  t^ ^iH  incroaso  with  d.     This  shows  that  the  maaa 

of  the  Bhrtw  hhoald  bo  thniwu  kb  far  from  the  neutral  axis,  which 
in  each  of  thoxo  ciml'-h  in  taken  to  biaoot  the  distance  d^  as  the  Uuita 
of  practice  wilt  allow,  lloiice  is  aeon  the  advantage  presentod  m 
tliR  oroHH  BectintiR  of  Figs.  G  and  H. 

p.  Shf^trinff  Strain. — This  temi  is  applied  to  the  resistance  oS'ered 
by  the  dbres  to  a  forve  acting  in  a  plane  perpendicular  to  thuin,  aa 
tlluHtmtiMl  by  Fig.  C  ;  and  tha  furoo  pruducing  the  strain  is  tertned 
a  nhettring  fotre. 

The  result  of  the  action  of  sach  a  force  would  be  such,  for  ex- 
aniplu,  UH  wuuld  \\*'.  eevn  In  llie  distoittou  that  would  tuke  place  in 
a  very  short  bar  of  great  relative  BtilFness,  like  a  nail  or  peg, 
which,  firmly  fixed  at  one  end,  should  bo  strained  by  a  force  acting 
on  ihu  projecting  part  perpendicular  to  its  axis. 

Comparatively  few  oxporiincnts  have  been  made  to  determine  the 
amount  of  resistance  offbrod  to  this  kind  of  strain.  Hut  from  tha 
evident  analogy  of  the  plicnnmenn  in  this  caiw  to  those  in  the  oass 
of  the  direct  elongation  of  the  tibrcs,  writers  on  the  subject  have 
pfoposed  to  expi-esB  the  relations  between  the  distortions  of  the 
fibres  and  the  foroas  producing  them  by  fbrmiiliui  analogous  bo  ihoea 
for  the  forces  and  i^esistanoes  in  the  cases  of  direct  olongationa. 
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Repre^nt  (Fig.  C)  by 
It,  tbi)  urigiiial  len^h    of  any  fibre  a  b 

betwe«n  tho  two  consecutive  planes  A  B 

and  CD. 
y,  tbe  disUooe  b  b'  which  every  point  of 

the  piano  C  D  has  niuvdil  in  liie  direc- 
tion of  C  D,  reUtively  to  tbe  plane  A  B, 

owing  to  the  force  oAusing  this  displaoo- 

ment. 
t,  the  strain  on  uiy  fibre. 
If  tli6  area  of  tht»  crosa-Bevliua  of  any  fibre. 
0,  a  constant. 

Now,  in  the  displaoement  of  a  6  from  the  position  a  b  to  a  li\  ii 
may  be  uKsumed  from  aualo;^,  that  tlie  reatstAUoe  to  this  displace* 
tnent  is,  on  the  one  hand,  proportional  to  a;  and  on  the  other,  to 

f-f  which  ia  the  meaturd  of  tbia  dinplaoemout  refeired  to  tLa  unit 

of  lengtb.     To  express  the  bypotbcaia  tbero  obtains 

l=aa^;(M) 

in  which  O  may  be  conaidered  either  as  constant  for  any  elementary 
fibre,  or  aa  variable  &om  one  fibto  to  another.  In  either  case  therv 
obtains 

t 


=  0;  (N) 


which  expresftMi  tbe  ratio  between  the  strain  on  the  miit  of  area  of 
any  fibre  and  the  displooement  of  this  area  corresponding  to  a  unit 
of  length. 

ReprpJtenting  by  T  the  entire  renatanoe  to  this 'displacement  of 
CD;  by  A  it.t  nrca;  and  amutnlng  O  as  constant  throughout  itfl 
area,  there  obtains  from  Eq.  (M) 


t  =  gaX. 


(O) 


It  has  been  projioscd  to  call  Uie  quantity  E,  in  the  preceding 
analogous  cxpre!taion,  moHuIut  of  longitudinal  eloMtieUy,  and  tbe 
quantity  G  iu  this  modulus  oflat«r<d  tlattieity. 

So  fiir  as  determined  by  experiment,  the  ratio  of  the  two  quan< 

K 
titiea,  or  f: ,  diflers  but  little  froic  3,  for  amorphous  bodies,  but  in 

fibrous  bodi?«  there  is  no  dftfinite  ratio. 

From  the  preceding  discussions  it  will  be  seen,  from  the  hyp>tho 
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da  aclopt«d,  tliat  the  resultAut  of  th«  resLitftiices  ofiered  by  Uio 
loogitudtunl  and  Inlentl  elnsticitiefl  of  tuxy  nmtorial  to  a  titmUL, 
CftUMd  bj  AAT  force  which  calls  into  action  these  two  i-esistonceiif 
jtassee  through  the  centre  of  fftavity  of  the  ruuting  section^  thia 
point  is  ienne*!  the  oentra  ttf  muticit;/. 

a.  Limits  of  the  rmsiance  on  i/te  ttnit  of  ana  to  a  longitudintU^ 
or  latei-al  tiram. 

Jijr  muJuiH  of  tlio  fundamental  farmulaa  (A),  (L),  and  (O)  tha 
limit  of  the  istraiu  ou  tha  unit  of  arett,  at  the  tibre  where  the  straia 
is  greateBt,  caused  bja  force  acting  in  tlie  plane  of  ajuaiuelrj-  of  tba 
crOBft-fMidtinii,  whether  purpeudiculor  or  uhliquu  to  tiio  ilirection  of 
the  mean  fibre,  can  be  readily  dflttjrmined. 

Su[Ji>o«ing  the  force  to  bo  oblique  to  the  mean  Sbre,  it  can  bo 
resolved  into  two  compouootft,  quo  F  perpendicular  to  tho  dirt^ction 
of  thft  fibro,  thp  otlior  Ij  piirallpl  to  it.  The  component  P  will  pro- 
duce a  detlectioo,  wliicb  will  give  ritfc  to  a  certain  amount  of  com- 
prestiiun,  or  extension  in  the  extronie  fibre,  tho  value  of  which,  for 
the  unit  of  nrtin,  can  bu  found  from  formula  (L).  In  Uko  maimur 
the  compoDent  Q  will  caukq  b  certain  amount  of  oomprotsion,  or 
extouMun,  tliu  value  of  which,  for  the  uiiit  of  area,  can  be  fouuJ 
(Wim  the  formula  (A).  Now  IheBo  strains  being  iu  the  direction  of 
the  fibraa,  Uicir  amount  on  the  nnit  of  area  for  the  extreme  fibre, 
will  be  eqiiid  to  the  Bum  of  the  two  calculated  from  fontiutaa  (A) 
and  (L);  and  nhould  not  bo  gi-eater  than  the  rosistauoe  K  that  can 
be  oflet-ed  with  aaft'ty  to  the  unit  of  area  in  queatiou ;  or 

-r'3'**A<^' 

in  which  —  ia  the  (Ust«nce  of  the  extreme  fibre  from  the  oeutra] 

ftxis;  and  A  is  the  area  of  the  cross-section. 

The  oomponent  P  is  also  the  amount  of  the  shearing  force  on  any 
crosB-Bectiuu  i  and  thu  riMUKtauce  to  it  on  the  unit  of  area  can  bs 
found  from  formula  (O)^  denoting  by  K'  ita  limit  there  obtains 

tor  this  UmiL 

If  the  strain,  therefore,  on  the  unit  of  area  is  in  tho  one  case  leas 
than  It,  and  iu  the  other  less  than  R',  the  ohange  which  tlie  fibrea 
will  undurgu  under  the  action  uf  thu  force  will  be  witliin  the  limjta 
of  safe^. 

It  is  important  to  remark,  that  the  values  of  R  and  R',  whou  tho 
Kgu  of  equftliLy  is  used  in  the  two  preceding  expreHftiona,  cannot 
always  b;;  aatisfif-tt  in  practice  for  any  assumed  area  of  crofts-sertiou, 
although  for  economy  of  material  it  is  desirable  they  should  bu. 
Taking,  for  examplo,  a  beam  of  a,  reotangiihu'  crotsa-scotion}  the  area 
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of  which  is  «xpreasod  hy  b  i,  which  is  deflected  hj  a  pressure  W 
acting  with  the  arm  of  lever  /,  the  two  preoeding  expreasions,  in 
this  case,  taken  aa  equalities,  become 

R  =     ,   -  ,  and  R'  =-r-r' 

Ai  W,  ^  R  and  IV  are  given,  the  values  of  6  <P  and  6  d>  as  d» 

termiued  from  them  c»u  be  rejirLveuted  by  the  equalities 


i  <r  =  m,  and  ft  d  =  n ; 


m 


hence,  dividing  the  oqo  br  the  other,  there  obtaina  d=  — ,  and 

«.'  " 

6  -  — '     Kow  these  raloea  mar  be  such  as  to  make  d  so  much 
m 

(preater  than  6  aa  to  be  beyond  the  limite  of  projottoe ;  in  which  case 

a  vftlue  fihuuld  bo  givou  to  d,  such  that  the  value  of  6,  detorniined 

from  the  equality  b  iP  =  m,  nhaJl  bo  within  the  rales  of  practice,  aa 

the  strain  from  deHectiou  i«  uioro  to  be  guarded  against  than  Hint 

&om  th»  sbeiu-ing  foroe.     Whilst  the  lioiit  from  deSeoiion  should 

not  be  exceeded,  ueither  shuuld  that  from  uheariug  bi>  dougurously  so. 

r.  Jidaliona  betioten  the  $train»  and  the  force*  producing  hem 
in  Oi«  «Utf  of  tlraigfit  b^arruiy  or  girders  of  uniform  crotsstciw^ 
rating  on  two  poittU  of  fufiporlj  in  which  tha  force*  aci  tro/i*- 
vertdy  to  tJt*  mean  fibre. 

Tlie  case  here  given  Guda  a  number  of  applications  in  the  combi' 
Dations  of  straight  beams  of  timber  or  irou  iu  framing ;  in  which  it 
m».\  be  uecesaarjr  to  End  the  reactions  of  the  points  of  support  from 
the  furoea  acting  un  the  beam,  the  changes  caused  by  the  stnuus  on 
the  fibres,  tbe  amounts  of  ihe  bending  moment  and  the  shearing 
forc«,  with  the  yio-t  of  so  proportioning  the  figure  and  ure-a  of  the 
crusti  mctiuu  as  to  resist  iho  greatest  strain  to  which  the  unit  of 
area  can  be  BubjecU>d  at  any  point. 

The  strains  on  a  beam, 
under  tliu  circumstAiices 
above,  may  ariae  either  yy. 
from  a  weight  or  pree- 
Bure  acting  at  one  point 
between  the  supports ; 
or  from  weights,  or 
preKsures  of  equal  in* 
tensity  uniformty  dis- 
tributed along  the  en- 
tii-e  length  of  the  beam ;  >  ^ 

or  icQia  both  of  those 

combined.  In  cither  case  the  weights  or  pressures  must  be  applied 
perpendicuhLrly  to  the  mean  fibre  of  the  beam,  and  the  reaction  of 
the  supports  taken  vertiosl. 


o 
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Com  1.  (Fin.  Q)  Beam  resting  horixtmUiMy  on  mpjiorU  at  eaeK 
ettd,  nn<l  itrointd  by  a  foTCt  acting  ptrp€iidiajiar  to  th*  n^anjibru 
at  itt  middle  poinL 

Represent  bj 
3  /,  tbfi  distance  A  B  between  the  points  of  supjArt 
2  VV,  the  force  upplioil  at  C  tliB  iiiiJitle  point. 
2  and  y,  the  oo-ordinatce  of  any  point  of  the  airre  A  D  B,  assuroei] 

by  the  mean  fibre  under  the  action  of  2  W,  referred  to  the  axia 

Z  and  T,  through  O. 
f  a  E  I,  the  moment  of  flexibility,  Eq.  (I'), 
^,  the  lidioB  of  curraturo  at  any  poiut 

From  the  theorem  of  parallel  forcee,  each  point  of  aupport  will 
fiirnisli  a  reaction,  expresnoti  by  —  W,  vqual  aiid  contrary  Lo  the 
compoin-'uta  W  of  2  W.  Then,  from  Eq.  (I'),  there  obtains,  to  ox- 
prefM  the  relations  hetveeu  the  bending  momtint  and  tlie  inoment 
of  flexibility,  by  nibstituting  W  (/  —  x)  for  W«,  and  (or  h^  doe  s=  ^  ti 

a  \y(/-g)         1  W{l-!t)     ... 

-fa-' — r^'^'T^ — V^:0) 

andsub«itttnttngfortherAdiuiofoarvatar«^,theTaIne^ — -^^-—  ; 
there  obtiiins,  """^  T 


1  + 


dv* 

Re^rding  the  deflection  aa  Tery  amall,  -^i  which,  is  the  aquare  ol 

the  tangent  to  ourre  at  the  point  x,  y^  may  be  omitted,  and  £q.  (2) 

becomna 

«^  =  -W{/-x).  (3) 
Integrating  Kq.  (3),  and  noting  that,  for  sr  =  0,  the  tangnot  brcomei 
parallel  to  the  axis  of  X,  and  -^  =  0,  there  obtaina 

.^:.W(-iar  +  ^).  (4) 
Intograting  Bq.  U),  and  noting  that,  for  z  =  tj  y  s  0,  there  obtwu 

whioli  ia  the  equadon  of  the  ourve  D  B  of  the  mean  fibre.     Tkm 
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greatoet  ordinate  of  the  curve  C  D,  represented  bj  f^  £i  obtuned  b; 
making  X  =  0>  Eq.  (d);  beoca 

Ca«a  2.  (Fig.  Q)  Strain  arinnff  from  a  vmgJU  or  pr*$titra  w, 
uniformly  distribuUd  over  each  unit  of  length  of  2 1. 

In  this  Oftse  the  rcaotiou  at  otich.  support  tnJl  be  —  to/,  and  it 
equal  and  contrary  to  eitiier  of  the  two  parallel  coinpOuoubt  of  3  u  Z, 
*he  total  weight. 

For  Mxy  distance  l  —  x  from  B,  the  veight  will  he  to  {I  —  x)  acting 
downward ;  the  fibres  tbemfort-  at  tlie  croes-wction  at  the  point, 
Xf  y,  will  have  a  strain  cattfied  by  —  w  I  acting  upwards,  and  w  (l 
—  x)  acting  downwardfl.  The  moment  of  the  R>roe  of  reaction  will 
he  — tot  (l—x);  and  that  of  *o  (/  —  x)  will  bo  to  (/  —  x)  ^  {'  —  ») 
ss  ^  \o(l  —  z)*.  The  b&Dding  moment  tJierefore  will  be  the  algebraio 
sum  of  these  two.     Eq.  (3)  then  beoomea 

t  ^  =  ^  w  (/-  aj)*  -  w  Z  (i-a)  =  -  ito(/<  -z«).  {»). 

Hence,  by  the  same  procusiiee  of  inti^ration  as  in  Case  1, 

A  comparison  of  the  value  obtained  forf,  the  greateot  ordinate, 
from£q.  (9),  and  for/,  obtained  from  the  following  eq^tation, 

5    to 

i'' =«  —  '"('■-'')• 

which  is  the  equation  of  a  parabola,  obtained  by  omitting  z*  in  Eq. 
(0),  lh(*  greatedt  value  of  which  is  t*,  as  small  witli  reajwct  to  d  f*, 
will  show  tliat  the  latter  eqtiation  may  bo  ciibstituted  for  the 
fonniii-,  &»  that  of  thecnrve  AD  B. 

From  either  of  the  two  preoedJng  Eqa.  there  obtains,  for/ cor- 
responding to  z  =  0, 

/  -  24    I 


Tn  ascertain  the  potdttOD  of  the  oros»4dcttoa  whan  the  greatecl 
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unotmt'  of  this  ftnun  on  the  aoit  of  area  obtains^  it  wQI  be  aece* 
Bftry  to  oxaniino  the  values  of  the  bending  tnoments 

-   W(i  -0!),Mld  _  i  w  (fl  -  x*), 

In  Ihe  two  precoding  cases.  Bsdi  of  ihcm  will  be  gr«ate«t  foi 
X  =  0.  Having  thifl  grentegt  value,  its  relation  to  the  limit  K  can 
b«  fotind  by  the  j>roooss  already  ffiven. 

The  shearing  force,  which  is  w  in  the  one  case,  and  w  <b  in  tlie 
other,  for  any  cross-BOCtion  at  the  distance  z  from  B,  it  is  seen 
vill  ho  constant  throughout  in  Cats  1,  but  variable  in  C<u«  2. 
Having  its  gTCAt4:!Ht  vnliie  for  z  ^  £,  in  the  latter. 

Taking  thu  value  of  y,  or  the  gi-eateat  amount  of  deflectloQ  in  Uie 
two  caaeB,  it  will  be  teen  that,  Buppodcgy  the  same  in  both,  W  ^ 
§  10/,  or  that  the  I'aluo  ofy'obtjiinwd  from  the  force  3  10 1,  nniformly 
tlixtributvd,  would  be  obtained  hy  g  ir  Acting  at  the  middle  jioiiitG'. 

If  it  were  deui-cd  that  the  greatest  longitudinal  tenfdon  on  tlio 
unit  of  area  should  in  each  caflo  be  the  Baoio,  thou  the  greateaC 
vahifM  of  the  two  bending  momenta  W  {I  —  a),  and  }  w  (r  —  a?)f 
most  be  equal,  or, 

Wlss^wr,  henoe  W  ss  ^tol; 

which  shows  that  the  greatest  longitudinal  tension  on  the  nuit  of 
nrea  when  tlie  ueight  is  uniformly  distributed  is  the  Name  as  what 
would  ariw  from  Iwlf  this  weight  acting  at  the  middle  point  C. 

It  is  easy  to  apply  the  Eqs.  in  the  preceding  cases  to  the  one  in 
which  there  in  weight  3  W  acting  at  the  middln  ]>oint,  and  one  2  w  I 
unifonuly  distributed,  by  rvmembeiiiig  that  the  forces  of  rcao- 
liuu  at  A  and  B  will  be  represented  in  this  case  by  ^V  and  wl; 
and  that  the  bending  moment  for  any  orose-eection  will  be  the 
algebraic  Buiu  of  tho  l>cnding  moments  given  in  the  two  preceding 
ca»«a. 

Com  .1.  (Fig.  R)  Jieam  hatrmg  ite  two  mtU  firmly  held  dawn,  on 
i(«  tupport*/  a4,J''>r  tasampU^  a  b^am  having  its  entU  embe<Ut«i  in 
any  manner  »n  two  paraUet  uaU^.  In  this  case,  the 

■traiuB  are  prodiicetl 
by  a  foroB  2  W  act- 
ing, as  in  Ca*g  I,  at 
the  middle  point, 
and  one  2  mi  uni- 
formly distributed 
as  in  CdM  2.  Th« 
circDmHtouocs  differ* 
ing  from  the  olhnr 
two,  in  that  the 
coda  of  the  beams 
ftro  supposed  to  be 
held  in  a  hoi  ixontal 
poaitton  by  being  firmly  embedded.     Tbii  condition  may  be  sup 


Bg.B 


W*  «7 


W*wZ 
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posed  to  arise  from  forces  acting  vertically  upon  th«  cinbodde'l 
endii  buyoud  tlie  poiiila  of  Bti|)|>ort  A  B. 

With  respect  to  either  of  thwie  forces  as  the  one  at  the  end  towards 
B,  which  may  be  represented  by  Y,  it  can  be  tranifferred  to  the  point 
B  by  suhfltttuting  a  couple,  in  the  iihiiaI  manner,  tTiR  moment  of 
which  hoing  noknown  may  bo  rfprosented  by  f*.  With  respect  to 
Y,  it  will  be  determined  by  the  coniidention  that  the  reaction  at 
each  tmpport  will  he  W  +  v;  L 

Adopting  the  samo  notiition  as  in  Com*  1  and  3,  the  relation  \k^ 
tween  the  moment  of  flejcibility,  for  any  cross-section  at  tho  dia- 
taaco  X  from  B,  the  bending  moments,  and  the  moment  of  Lh* 
oonple  (1,  will  he  expresaed  by^ 

.0-=-  w(;-a)-«i(/-r)+tw(z-*)»+i* 

=  -  W  (/-«)-*  10 (P-0+(^  (10) 
:  between  the  Umita  of  ir,  and  x  :=  0,  there  obtains, 

•^ — w(fc-^)-i«(r.-|)  +  ^,,(n) 

But  aa  the  tangents  to  tho  cnrre,  both  at  Band  G,  are  boricantal, 

dy 

-^  =  0,   for  the   valuee,  x  =  0  and  w  =  L     From  this  laab  limit 

thereforOi  there  obtains,  from  £q.  (!l)t 

bflOM 

Snbetttnting  this  valae  of  ft  in  "Exi.  (\  1)  and  reducing,  there  ohtuna 

■tegrating  Eq.  ( 1 3),  and  noting  thai  for  z  b  {,  y  s  0,  there  obfeaio^ 

•y  =  iW(--^+^  +  |)+i«(--^  +  ^+^).  (13) 

tor  the  etjuation  of  the  ourre  A  D  B. 

Substituting  X  =  0,  in  Eq.  (13),  the  oorre«po:idlng  valae  foi 
y  =/beoomM 


«68 

From  UiU  valuo  of  f  it  will  be  kul-u  Uiat  it  is  the  mod  u  if  on* 
hftlf  nf  the  preHMtro  niiifomily  dintributed  hiul  be«n  concentrated  a4 
the  midillo  |)oiut ;  and,  by  making  to  =  0  and  W  =  0,  r«apoctavely,. 
ill  it.  timt  ttio  coiTes|K>n«)ing  trIucb  of  f  obtained  will  be  in  thai 
mlatioiiH  of  4  aiid  h  reiipeotively  to  1,  u  compared  witii  f  in  Uw 
preCtidinK  ciueA. 

fiabelitutitig  io  Eq.  (10)  for  \i.  its  value, 

tiwre  obtaini  for  the  bending  moment. 


dir» 


(/_2x)- Jw(/»-3«').(a) 


From  ati  examitiBtinn  of  thu  filiation  it  will  b»  seen  that  it  £• 
eaaentinlly  negative  for  x  =  0^  and  thnt  aa  r  increases  ka  absolute 
nltie  dwreaaea,  up  to  a  value  x'  of  a  for  vliicb 

-^('-2«')-i«'(r-5O=0; 

and  -whieb  eqiistion,  ttolred  with  reflpect  to  se',  will  give  one  jKUUtire 

root,  oomprifted  between  the  limits  of  ^  '  "id  w-y  ;  the  first  eorre* 

spending  to  w  =  0,  and  the  second  to  W  =  0.  With  repird  to  the 
root  x'  of  tbe  preceding  expresaion,  as  it  oorrenpouda  tu  the  value 

-—  =  0.  it  RbowB  that  tliere  will  bo  a  point  of  in6ectiori  in  the  curve 

corrra|K>ndini;  to  the  abaciHsa  ar';  and,  beyond  tJiis  point,  tbat  £>{, 
(a)  changes  it-i  Bign,  and  oontinnn  inereajring  in  value;  and,  an  tlie 
greatest  negative  value  corresponda  to  x  =  0,  and  greatest  poditiva 
value  to  x  =  /,  it  will  lie  scon,  that  since  tbeae  Tstnee,  which  are 
respectively, 

-IWi-ltcC,  and|W/  +  iicr 

are  the  one  minus,  the  other  pins,  tbe  greatest  straiDS  on  the  unit 
of  area  of  the  cross-seotioiui  wilt  therefore  be  ut  B  and  D ;  the  lower 
half  of  the  LTOss-section  being  cumprcai&ed  ut  B,  wliilst  that  at  D  is 
in  a  Btat«!  of  t<>n!iion. 

Tho  strains  from  the  shearing  force,  ai  any  cross-section,  will 
arise  from  the  two  fai-ces  W,  and  w  (i  —  »);  and  ns  the  introduction 
of  tho  moment  ^  of  tbe  cuupls  doefi  not  iitTmrt  those  values,  it  will 
have  no  elVeot  on  these  strains  whicli  will  be  due  alone  to  them. 

S.  Beama  it/pportftl  at  Otrt*  ju>inU  in  M«  tame  right  /nut,  o*iJ 
a^td  upon  byprtMures  diatrilmtfed  in  any  tnawntr  perjtendieutar  Is 
tht  mean  JU/r4, 


AMHBIK-' 


669 


When  ■  rigid  benm  rc»t«  upon  tlirce  or  more  Bupporta,  in  the 
ume  rigbt  line,  the  onliuu-y  rulea  of  Btftticg  dc  tiot  fiiruish  the 
ineana  iif  detemiintng  thn  amount  of  presmmK,  and  couaequont 
reaction,  &t  cadi  |>oint  of  sup|X)rt,  nrisLDg  from  pressuff^  nctin;; 
vpon  the  beam;  the  problem  ib  Btich  a  caae  being  indeterounatc 

Tbkiuir,  fur  example.  t'as9  2  of  a  beam  rt«ting  on  Cwo  siipitoits, 
and  having  a  weight  uniformly  diRtributed  along  its  length,  it  haa 
been  shown  that  each8u]>port  bears  one  half  the  distributed  load; 
and  that  the  defection  of  tlie  nie«n  fibre  at  the  middle  point,  repre- 
sented by  J",  ia  thti  Kiune  a«  tlie  beam  wouhl  t^ko  were  ^tbfi  of  the 
)o«d  acting  hIoqc  at  the  middle  point.  Now,  vheu  the  beam  is  in 
this  condition,  it  ia  clear  that  the  preasure  upon  a  sup|>ort,  in  con- 
tact with  it  at  its  uiiddlf  point,  would  bii  zt-ru;  and  if  thf  support  is 
Tftiiied  so  as  to  bring  thn  middle  of  the  beam  into  some  pomtion 
intermediate  betwei^n  C  and  D,  the  preitsure  on  it  would  be  a  certain 
jjorttuii  uf  th(!  t'utiro  pntesuru,  wliikteucb  uxtremo  snppuri  would  be 
relieved  of  a  certain  corresponding  portion  of  this  pressure,  and  so 
on,  until,  the  point  of  contact  being  brought  in  the  same  rig^  line 
with  the  extreme  supports,  the  intermediate  KUppnrt  would  evi- 
di-ntly  countcnict  the  total  pressure  nt  C  to  which  the  defection  is 
due ;  which  being  §tlis  of  the  entire  load,  tho  reaction  of  the  mid<lle 
support  would  hg  equal  to  this.  The  two  extreme  supports,  in  like 
uiHuner,  would  fumii^b  a  reaction  equal  to  the  remaining  gths,  or 
l^lhs  of  the  total  load  for  each. 

Com  I.  (Fig.  S.)  Brnm  rtfstinff  on  three  potJUM  of  tupport  in  the 
«nn»«  riffht  lin«  div'uling  the  length  into  ttoo  uneyfuU  segment*. 

Let  each  segmeui,  A  B,  B  C  be  supposed  to  he  strained  by  a 


Tig 


'.  s 


«»; 


load  uniformly  rthttributed  along  its  lengtb^bnt  of  nnequa]  intenai^ 
on  the  unit  of  length  in  the  two. 
Roimwent  by 

2  r  and  3  J,  the  rospectivc  lengths  of  AB  and  B  C; 
ID,  and  v/,  the  pressorea  on  the  unit  of  length  of  2  Z'  and  2  f  »• 

speotirely ; 
Q'  and  Q,  tho  forces  of  reactian  at  A  and  C  j 
r,  the  force  of  reaction  at  B ; 
X,  y,  the  co-ordinates  of  any  point  in  either  segment  referred  lo 

the  rectJUigiilar  co-ordinate  axes  having  B  for  origin  ; 
w,  the  angle  which  the  tangent  to  the  onrve  at  B  make*  with  tin 

•uus  of  X. 
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In  this  case  tKe  forces  of  reactions,  Q',  Q  and  P,  are  Mnong  Ai 
quantities  to  be  determined  from  the  conditions  of  uie  question. 

As  the  total  load,  or  pressare  2  v/  V  and  2  to  I,  on  each  B^ment 
reApoctively,  may  be  regarded  as  acting  at  the  middle  point  of  the 
segment,  and  as  their  sum  is  eqnal  to  the  snm  of  the  forces  of  tr- 
action ;  from  the  principles  of  statios,  there  obtains  the  relationB, 

Q'  +  Q  +  P  =  3«r'I'  +  3w(,  (a) 
Q'x2r  +  2wi  X  I=Qx2i  +  2ir'i'  x«';(b) 

in  which  Eq.  (a)  expresses  the  relations  of  the  stuns  of  the  forces ; 
and  Eq.  (b)  that  between  their  moments  with  respect  to  the  point 
B. 

Referring  to  Eq.  (6)i  Otue  2,  §  r,  there  obtahis,  to  express  tlia 
relation  between  the  moment  of  fiexibilitj  for  anj  croas-section  of 
the  segment  B  C,  at  the  distance  x  from  B, 

•0  =  *«'<2i-a!)'-Q(3J-a!);(l) 

integrating  between  the  limits  of  x,  and  ai  =  0,  and  obeerving  tbat 

for  the  latter  limit,  ~  =  tan.  u :  and  that  the   constant   intEO* 

ax 

duced  by  the  integration  becomes  e  tan.  u ;  there  obtains 

i-^=i«(4rir-2Zai'+^)-Q(2?a,-^)+itan.«;(2) 

integrating  Eq.  (2),  there  obtains 

.y  =  i«.  (2ra:'-}iir«  +  j^)-Q(u'-^+ftan.««,(S) 

for  the  equation  of  the  curve  of  the  piean  fibre  of  the  s^ment 
BC. 

By  simply  changing  w,  Z,  Q  to  correspond  to  the  notation  for  tfaa 
segment  A  B,  and  +  s  tan.  u  into  —  e  tan.  u,  in  Eqs.  (1),  (2)  and 
(3),  the  same  relations  will  be  obtained  for  the  segment  A  B. 

But  since,  for  a;  =  0  and  Xz^2l,y  becomes  zero,  there  obtnins 
by  the  substitution  of  x  =  2  I  for  the  segment  B  C,  and  x  ^  21 
for  the  segment  A  B,  the  relations, 

0:=3wf*  —  ftQT    +2«tan.  on?,  (c) 
0=2K»'r-|Q'i"-3«tao.  at.  (d) 

Prom  Eqs.  (a),  (b),  (c)  and  (d),  by  the  ordinary  process  of  Alimw^.^ 
fcion,  the  quantities  P,  Q,  Q'  and  tan.  u  can  be  r«ulily  found. 
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SopposiiiR  w  =  tP*  and  I  =  V  \  then  there  obtainii  Q  =  Q',  and 

(an.  u  =  0,  siuce  the  two  w^^eotA  become  sjrmnietnc^il,  KDtl  tbe 
tangeoit  to  the  curve  at  B  jiarallo)  lu  tlic  axu  of  X.  Mtiking  these 
Bubfltitutioiis  in  Eqs.  (a)  uid  (c),  there  obUiua 

2  w  r  =  S  Q  r,  (c'} 

Bj  elimUiEtion  between  these  two  Eqs.,  there  obtains 

Q  =  }to/  =  ^{Ku)l),axiAT  =  |(4w(), 

which  are  the  same  valnee  as  alreadj  giTen  in  the  second  parsgrnph 
of  UiIh  wctinn. 

t.  (Fig.  T)  Seanu  rutins  vpon  any  number  of  interm^inU 
pointa  of  tuj^j^on  frsltown  Awr  two  tndtj  having  their  s^fftnenta  imC- 
formly  loaded. 

Tlie  same  processes,  followed  in  the  preoeding  sections,  find  their 
Bpplioatioos  in  the  cuses  that  fall  under  this  Kection;  the  only 
dilfitiulty  being  in  the  complux  character  of  the  solution.  To  avoid 
this,  the  expedient  has  been  adopted,  instead  of  finding  the  v&laei 


H- 


nf  the  forces  of  reaction  at  the  points  of  soppori  directlj,  as  in 
§  s,  to  use  the  bonding  momenta  taken  with  respect  to  tbe  cross* 
lections  at  the  points  of  support,  as  aoxiliarr  unknown  terms, 
nnd  from  theso  to  dptemune  the  forces  of  reaction,  and  also  the 
bending  moments  nnd  shearing  forces  for  any  inlerine-diate  pointa 
between  the  supports. 

Let  A  B  and  G  Iw  any  three  of  the  conaecative  points  of  sup* 
port  of  a  beam,  all  of  which  are  in  the  same  right  line.  R{<pr(>* 
sent  by 

/  and  r,  the  Kgrnente  A  B,B  C; 

w,  w\  ^u  presanres  on  the  unit  of  length  of  /  and  I'  respectively ; 

X',  X",  X'  ,  the  bending  momenta  for  the  eroes-sectiDUs  at  A,  B 
and  0  reepeotiTely ; 

«,  y,  the  co-ordi!uit(-a  of  any  point  of  the  segment  I  referred  to 
rectangular  co-ordinates  having  A  for  origin. 

Taking  a  crosfi-flectiou  at  any  ]Ktint,  at  tliu  distance  x  fttim  the 
origiD  A,  the  weight  uniformly  distributed  over  tbe  length  {I  -  x) 


»7S 
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»nd  itd  momfnt  will  ba  —  ^  to  (I  —  r'),  mtimating  tlit-  direction  at 
the  rrtUtion  from  A  X  towards  A  Y  ab  positive.  Tlif^n,  in  the 
expreasioQ  of  the  Ifenditig  moment  for  this  point,  tliere  will  enter 
Ihia  moment,  aad  also  the  momcDta  of  aJl  tlio  other  forces,  uisitift 
from  tilt'  reuctious  of  tli«  jHiiutsof  Bii|>]>ort,  and  tliu  pressurea  ili«- 
trihutnit  imilrtnnly  over  the  different  8«'j{nient«,  fmra  A  tow«rcU_ 
X ;  the  moiii«iits  of  wliich  last  forces  will  Iw  cxpreaseJ  in 
coDtatuitifit  the  &nt  degree  of  x  onW  and  couAt^uts;  so  that,  dt 
iiitively,  tiie  b«nc'iiig  moment  for  this  crotM-iiectiDn  will  he  of  tba 
form  A  +  B  if  —  4-  (0  «' ;  in  which  A  and  B  an>  constanta,  to  be 
sabsequeiitly  found. 

Taking  thi-u  tbu  general  Eq.  bctwaon  tliR  niument  of  flaxibiUty 
and  the  heudtng  moment,  there  obtains, 


.S= 


dj 


A  +  B*-iw»\(l) 


Istegrating  between  the  Bmita  of  x  and  x^l,  and  reproscntiiig  hf 
K'  what  -J-  beoomos  for  a;  =  0 ;  and  hy  K"  for  z  =  /,  in  daieTTainin^ 
the  value  of  the  constanta  of  integration,  there  obtains 

,^^_K')=A»  +  |B«'-|wiii'.  (2) 

t{lRr-W)  ^  A  «  +  t  Br  -  ^  wf.  (3) 

InfcfrrfttinK  Kq.  (3)  again,  between  the  limits  is  =  0,  and  s  ^  1^ 
than.'  obtains 

-  I  K'=  i-  A  /  +  i  B  r-  ^  wP.  (4) 

Eliminating  K'  between  Eqs.  (3)  and  (4),  there  obtains 

I  K"=  4  A  /  +  4  B  r  -  J  w  P.  (6) 

By  placing  the  urifin  of  co-ordinalea  at  B,  the  bonding  moment, 
for  any  cross-section  in  iho  segment  B  C,  will,  in  like  manner,  take 
tlie  form  A'  +  B'ai  ~  ^v/  x',  by  using  the  same  proceKies  as  in  the 
segment  A  B ;  and  horn  tJicito  it  will  be  seen,  that  thi;ro  will  be  tlie 
relation,  analogous  to  Eq.  (4),  shown  by  the  expreKsion, 

(  K"=  4  A'  r+  J  BT  -  Vi "'  f-  (C) 
KUminnting  K"  between  Gqs.  (5)  and  (6),  tliere  obtains 

4A/  +  4A'r  +  iBP  +  iB'r'-4«r-Vi«r'  =  o.(7) 

Kow  the  quantitioB  A,  B,  A',  B',  can  be  expressed  in  terma  o, 
X',  X',  X"j  for  thefuuetiou  A+  Bjb  — 4«  fl^ahould  haTelbtaamc 
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ralaecuX  aiidX'^for*  =0 and x^{; making tL«M substitutions 
Tor  X  ill  this  functiun,  tboro  obUiiM 

A  =  X'  for  «  s  0;  and  A  +  B  <  ~  ^  w  f*  =  X",  for  «  =  f. 
Hotioe 

A  =  X,  .ad  B  =  I  w  I  +  ^~^  .  {a) 

In  ]ik«  maimer, 

X"'-X" 


AVX'*,aud  B'  =  iw'f  + 


/ 


-.(b) 


Substituting  these  nUnes  of  A,  B,  A',  B'  in  Eq.  (7),  there  obtains 

I XW  +  i  X"  (( +  f)  + 1 X'"  r+  A  wr+  Vr«'^'  =  0; 

ueuce, 

X'  i  +  3  X"  (i  +  0  +  x"'  f  +  i  ("''•+«'"''')  =  0 ;  (=) 

which  expresKCR  tbe  relation  between  the  bending  moments  for  any 
three  conftecutivc  [joints  of  Bupport. 

Tbu  striking  tUcorom  furoislies  the  means  of  obtaining  the  re- 
lalioiis  butwcen  tbe  bending  momeiitfi  for  any  niiml>er  of  oross-seo* 
ticiiiH  oil  I'OuBocutivu  puiutf)  of  BU])port,     Bupgiosing  u  -f  1  to  be  tbo 

number  of  consecutive  supports,  represented  by  Ap,  A„  A, A,_„ 

A._i,  A,;  and  the  correBpondiiig  bflndiog  tiioiiietits  by  X«,  X„  X,, 
....X,_„  X,.  It  will  bo  up]i«reiit.,  in  tliu  Gi-st  pbice,  that  from 
th«  cvuditiuux  of  tbe  problem,  the  bending  uioments  X,  iwd  X,  of 
the  two  extremities  must  bo  xero }  and  that,  therefore,  the  quan- 
tities alouo  to  be  determined  will  be  from  X,  to  X,_„  or  n — 1  ua- 
known  terimi.  To  find  the«e  it  will  only  bo  necessary  to  apply  Eq. 
(c)  snooesKively  to  eacb  oonseciitire  pair  of  segments  to  obtain  the 
number  of  ts^iiatinns  from  which,  by  suooessive  eliminacioD,  X|,  X,, 
etc.,  can  bu  fonnd. 

Having,  in  this  manner,  determined  the  bending  moments  X,  for 
the  coriyjsponding  poitita  of  support ;  tliat  for  any  point,  bi-tween 
two  Hupjiorts,  of  an  intermediate  segment,  can  be  found  ;  and  tbo 
equation  between  it  and  ib«  moment  of  flexibility  bu  deduced;  br 
dnterinitiiug,  from  Kq.  (a),  the  values  of  A  and  B  oorreapoDding  to 
this  segmt'iit,  and  substituting  them  in'Eq.  (1).  The  final  equa- 
tion determined  by  integrating  tbe  equation  twioe,  will  give  the  rela- 
tions iteivnmux  and  y  of  the  curve  of  the  mi^au  libre  in  this  segment. 

ApplicaiianM  of  JrormtJa  {c). — This  formula  can  be  implied,  first 
to  find  the  bending  mom«-nts  at  the  points  of  supjMirt :  and  eeooiiH, 
from  their valuonto  tieduco  tho  pressureeor reactions  ul  ihoiw  points. 

Ca4e  I .  Bfttm  retting  tm  thrte  pointt  of  wupport  at  tqual  dCs* 
tanc«g  apart. — This  cose,  which  has  already  been  i'onsidered,  is 
reitented  here  to  compare  more  directly  this  method  with  the  one 
treated  in  g  s.     In  this  case,  the  qukntities  repreeented  by  f.  T,  uv 
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Wf  £q.  (c)  beooiiM  rMpeetiveljr  3  I  and  u? ;  and  X\  %'"  are 
zero.     Milking  Uieae  cbaugetij  tliere  obtains, 

2  X"  (2  Z  +  2  0  +  i  (3  w  i'H-  8  w  P)=  0,  or  8  X"  I  +  4iD  r  =  0 

henoe  X'  =  —  ^  w  i*. 

But  from  Ef.  (1),  §  8,  making  x  =  0,  the  Talue  of  tlie  bending 
moment  for  the  int«rmediat«  point  of  support  is2Qf  —  Stor,  by 
diauging  the  HiguB  of  both  members  of  ibo  equation  to  conform  to 
tiio  fort'guiog  value  of  X'.  E^|U«tiug  theee  two  values  of  the  bemd- 
iog  moment,  ther«  obtains, 

3Q.i— 3wr=— JwT,  hence  Q  =  J  w  i  =  VV  (*  »  0» 

which  is  the  same  thIuo  ns  before  found. 

Ca*i  2.  Meam  rettinff  on  four  points  of  mpport,  titt  two  mtrttiu 
a«ga)*nt*  being  equal  and  tSu  tntddle  one  uttetpitd  to  «tM«r  of  the 
ot/tert. 

Let  A,  B,  C,  D  (Fig.  U)  l>«  ^ha 
'Sia.V  four  |ioitit«  of  8up]Kirt;  ttie  segmont 

®  AB  —  CD.  R«prp8ent  the  segment* 

AB,CDbyi,  and  BCby  ft/;    b/ 
'  '   w,,  u>ti  w,  the  pressures  ua  the  unite 


t t 


*  A  C  D  of  length  on  the  si^meniit  A  B,  B  O, 

O  D  respectively. 
Fintt,  to  find  thelwDding  inomeuts,  X,,  X„  for  the  croBs-Kectiana 
at  B|  C  there  obtains  from  Form,  (c),  for  tlie  segments  A  B,  B  Oj 

2  X,  (/  +  n  0  +  X,  n  ( +  J  (W,  r  +  w,  »«r)  =  0,  (x) 

u  Xm  =  0 ;  and  for  aegmeuta  B  O,  0  D, 

X,n/+3X,(i+nO+i(w.«'i'  +  «*n=0,(y) 
as  X,  =  0. 
ElimiuAting  between  Eqs.  (x),  (y),  there  obtains, 


X,= 


i(2+H)(2+3n)t""--"'t2-^n)«S-2(l+n)H(in) 


Taking  now  the  general  expression  for  the  bending  moment,  X, 
■t  any  point  of  the  segment  0  D,  which  is  of  the  form, 

X  =  a  +  /Sa;  —  ^w,**, 

vtd  letermtniug  the  values  of  a  and  /3,  as  in  Eqs.  (a),  (b) ;  and 
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making  X  =  0,  for  s  =  0  ;  and  X  =  X„  for  v  ^  I J  Uie  vsluai  of 

tt  heing  estimated  from  D,  there  obtains 

a  =  0,  ind  ^  f  —  i  w,  r  =  X< ; 
wliioli  substitutod  in  the  precwling  exprossioii,  there  obtaliu 

X  =  (^  +  i«../)x-iw,»».  (o) 

In  like  miumor,  for  the  sogmeut  C  B,  ostiiuating  the  x's  &om  0| 
tlie  general  ralue  of  X  takes  the  form 

X  =  a'  +  ^'*,-Jw.a!',; 

determiuing  a'  and  (i'  from  the  coDditioiii  that  forai  ^  0,  X  =  X^ 
and  for  X|  =  n  2,  X  =  -\ , ;  there  obtains,  after  eltmiitatiuj;  a',  /S*, 

X  =  X,+  (?ii^+iic.n/)x,-iu,.x',.  (p) 

For  the  aegmeiitAB,  estimttttDgthex^s  &om  A,b^a  aimple  cliaugo 
of  the  notation,  jilficiti;;  X,  for  X,,  and  U7|  for  vt^^  in  the  value  for 
X  for  the  Hgmont  C  D,  there  obtains 

Now  the  object  of  the  proposition  ma/  be,  eitlier  to  find  the  re> 
acttuu  at  the  |Hiiul«  of  nipport  as  iu  Com  1 ;  ur  tu  find  Uia  Etroln 
un  the  unit  of  area  at  an/  croEs-section.  Id  the  iirst  case,  the  mode 
of  proueediog  will  be  the  aame  as  iu  C<u*  1.  The  b«nding  moment, 
ariamg  from  the  force  of  reaction  i-egarded  as  uiikuuwu,  uuJ  from 
the  total  force  distributod  over  Uiu  first  scgoiont  which  is  known, 
must  be  placed  equal  to  the  bending  moment  aa  given  iu  tlie  Eq. 
(m),  and  from  the  reftultiiig  equutioii  the  force  of  reaction  can  be 
found.  In  like  manner,  the  dilTereoce  between  tho  momcnti  of  tlM 
forces  of  reaction  at  A  and  B,  and  of  the  total  forces  on  the  two 
Begmimtii,  A  B,  B  G,  must  be  |iUcvd  equal  to  the  bending  moment 
given  tn  £q.  (n),  to  tind  the  force  of  reaction  nt  B.  Tbu  same  pro- 
oesiies  must  bu  followed  for  the  two  aegmenta  D  C,  C  B. 

In  Uie  aeficnd  oaae,  to  find  the  strain  on  the  unit  of  area  for  any 
oroos-flection,  in  edlber  aegroeut,  the  Eqa.  (o),  (ji),  (q)  must  be  uae<l, 
«a  in  Cfuet  3,  3,  §  r. 

Ctue  3.  7'o  determine  the  reactions  at  tht  points  of  mpport  in  a 
haam  ■uniformly  lomltd  on,  eaeh  unit  of  lengtJt  and  retltng  on  Jiv9 
poinit  cfmppfrt  at  equal  distaaoet  apart. 
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Let  A,  B,  G,  X),  S,  (Fig.  T)  be  the  five  points  of  snpinrt,  R» 
present  by 

I,  the  equal  diBtances  A  B,  B  O, 

3*  w,  the  weight  on  the  unit  of  length ; 

-  •  p  *  P,  the  foroe  of  reaction  at  the  mid* 

■  die  point  C ; 

A,  F',  P',  the  equal  forces  of  reactioD 

^ J  at  the  point  B,  D ; 

*  B  c  0  E  p"^  p"^  tha  uaiag  at  the  extreme 

points  A,  E  J 
X',  X",  the  bending  moments  at  B  and  G. 

.    Besuuiing  Eq.  (c)  and  applying  it  successiTely  to  the  segments, 
A  B,  B  G,  and  B  G,  C  D,  there  obtains  for  the  two  first 

2X'{1  +  l)-i-X"t  +  ^itoP  +tor),or4X'  +  X"  +  i»r  = 
(0) ;  and  for  the  two  B  C,  G  D, 

and  by  elimination, 

X'  =  -^  wi'^and  X"  =  -  tJjwT. 

Now,  for  the  segment  AB,  the  forces  acting  upon  it,  to  prodnoa 
deflection,  are  the  force  of  reaction  at  A  which  is  P",  and  the  weight 
10 1  uniformly  distributed  over  the  segment ;  &om  this  there  obtains, 
as  in  the  preceding  cases, 

r'i-^wP=  +x'  =  -  A"^-  ■■-  I"'  =  tt«''  =  ■!¥»(* "0- 

For  the  segment  B  G,  the  forces  ])roductng  deflection  are  the  two 
forces  of  reaction  P",  P',  acting  with  the  respective  ai'ms  of  lever  2 
I  and  I  •  and  the  two  equal  weights  to  2,  the  one  acting  with  tiie 
arm  of  levet*  ^  I,  and  the  other  with  the  arm  of  lever  ^  I,  hence 

P".  2i+  F'l-^wP-^toP-  +X"=  -■^wl'i 

hence,  substituting  for  P",  and  reducing, 

P'  =  4«,i  =  A{4«.0- 

Having  determined  P"  and  P',  there  obtains,  since  Hie  sum  of  the 
forces  of  reaction  is  equal  to  the  entire  load, 

P  +  2P"  +  2P'  =  4wi.  .*.  P  =  ^(4wl). 

Caee  4,   Suppose  that  the  beam  u  uniformlj/  loacUd  and  mtinff 
9»  n  points  of  gtipport  at  equal  dittaTuxa  apart. 
Let  I  =  one  of  the  equal  distances, 
to  =  the  load  on  a  unit  of  length, 

Xo,  X„  X„  etc.,  be  the  bending  moments  over  the  snpportB, 
V*)  ^1)  V„  etc.,  be  the  reactions  of  the  supports,  and 
n  =  the  number  of  Riipports. 
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If  n  be  eTon  the  reaction  of  the  ^n*^  and  (^n  +  1)*^  Bupporta 
will  be  equal,  and  if  n  be  odd  the  ^  (n  +  1)  will  be  the  middle  sup- 
port,  and  the  reaction  of  the  supports  equidistant  from  the  middle 
will  be  equal. 

In  this  case  Eq.  (c)  becomes  when  n  is  even, 

X,  +  4X,  +  X^  +  \u>l'  =  0 


Xx,_,  +  4  X«._,  +  X^.  +  i  toP  =  0 
Xj(._,  +  4X«.  +  X^.  +  ^  w  P  =  0 

In  this  case  X«  =  0.      When  n  is  known  X,,  X«  etc,  become  com- 
pletely known,  after  which  Tg,  7„  eta,  may  be  found. 

To  find  the  inclination  of  the  curve  at  the  ends  for  any  number 
of  supports,  we  begin  with  the  general  equation  of  moraentai, 
which  in  this  case  becomes 

Integrating  once  gives 

Int^rating  again  gives 

But  y  =  0  for  X  s  0  /.  C,  =  0, 

\lsoy  =  0  for  as  a/  .-.   O^^lVtC  —  ^wP 

Hence(^s=^V«(P-3»')  +^u>{iaf-f) 

And  €  y  =  I V,  (Pro  -  a*)  +  ^  « (aJ»  -  ^aj). 

At  the  first  support  a)  =  0,  and  -^  =  tang.  t. 


...to«i,..=  [4V.-«i]— 


At  the  middle  of  the  first  space  tr  =  i  2,  and  the  deflection  at  thrt 
point  is 

u.  Ajiplication  o/  the  OtoniM  in  As  pftcading  Meiiom  to  ml^ 
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wwti»ff  Ae  ^tct  of-  (A«  tvetemai  /iyreei  in  pndueing  ttratTU  on 
fOrU  eompomtg  a/ratne. 

Everv  jNirt  of  a  frame  mnj  he  stibjeeted  either  to  a  diivirc  atrain 
of  cn^l]>n3(^i<ll^  or  extf>u»uii,  frotu  an  extental  force  actuij;  in  tho 
diri'clioti  of  liio  fibroK ;  to  a  RLnun  on  Uio  Gbrus  by  a  fore«  BCting 

EL'r]>i>uiltcti1nr  to  them ;  or  to  ono  oi-iititig  from  a  forco  acting  ob- 
qiit'ly  to  tko  fibres  to  u  to  prodooe  Bimple  defleotion,  and  eitLf 
direct  cxti'iiMon,  or  eumpreeaion. 

Tlie  forwH  tbuuisulvcB  may  be  daaaifiod  under  tvo  head*.     iKtrj 
Tho&e  which  tire  directly  applied  to  certwiQ  poiutd.      '2tL  The 
which  BTH  traiiKinitt«(),  from  iLh  points  nf  application  of  tb«  fit 
through  the  intermedin  in  of  pArts  of  the  frame  to  other  pointA,  anc 
which,  from  the  roiationithip  of  the  parts  of  the  frame  to  each  ot^er, 
van  bu  fituud,  by  the  Ulvtb  of  sixties,  when   the  lirsL  ar«  given,  oi 
oaa  b«  detemiined,  as  in  thn  caswi  junt  examined  of  reactions. 

Tho  piobiomB,  tfkcreforc,  which  present  thcmselvca  for  Holntion 
in  tliix  section,  ore  to   find  the  directioos  and  intoufiitiea  of  th» 
fcrceK  urtin^  on  uach  picoi ;  »nd  to  determine  from  them  the  form'; 
and  dimensions  of  the  cro«s-8eoUou  of  each,  so  thut  the  stnin  oal 
the  unit  of  Riirfaoe  ahaU   at  no  point  be  greater  than  the  Limit  al* 
lowL-d  fur  Kiift'ty. 

Ctt»«  1.  {Fig.  W.)      Itfitm  Tf^inff  at  ih*  Unoer  end  upon  a 
wontal  ntpport,  and  at  t/ie  upper  agafatl  a  vertical  aurfaet, 
ttrainsd  by  a  wvighl  applied  at  its  middU  poinL 

Let  A  B  be  the  axis 

the  beam  J    O  the  middlfl 

point  where  the  wi-ighl  W 

H     i»ap])liod,    Kci)re3ent  by /, 

tliB  length  A  B  ;  bv  a,  the 
angle  butween  A  B  and  tlia 
Krf  W  '•'*''^"*'  '*""  through  O; 
tt  H,  tlie  horizontal  force  of 
reaotiou  at  the  point  B 
where  Uie  beam  rests  nguiul' 
the  vertical  surface,  and 
which  is  equal  ayd  contrary 
to  a  correh{iuiiilii)g  hnrisnu- 
feal  reaction  a(  the  point  A, 
■rtaing  from  a  shoulder  which  prevents  the  lower  end  from  moving 
ontwarda. 

Aa  the  couple  li^  —  H  tpndB  to  turn  A  B  in  a  direction  rontimry 
to  the  action  of  W,  from  the  conditions  of  eauiiibriuui  their  ou^ 
menta  must  be  equal,  hence 

HxCD«WxAD; 


w 


But  CP=BE  =  rco«.  a;  and  AD=|  AG  =  |  I  t\n.  a;  anil 
snbvtituting  tkeae  valves  in  the  prectnling  expreoaion,  there  obtainf 
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lite  beam  tberefora  u  subjected  at  iti  lover  aud  to  Uie  forM  of 
vortical  rrantion  W,  &iid  oau  of  horizontal  renction  H. 

Kow  rejirftsenting  the  force  W,  bv  the  lice  A  b ;  and  tlie  on©  H 
by  the  line  A  p  ;  tud  constructing  the  par&llelograiui  of  force»,  oa 
thosu  two  Un«^3  reiijieotively  as  ruttultanta,  having  the  cam]toii(>nti 
perpendicular  and  psnUtel  to  A  B ;  Ad  nnd  A  zn  will  he  the  per- 
pendicular ooinpoDents  of  A  b  and  A  p,  ajid  A  O,  A  n  the  ]iiu-a]lel 
oompanentA.  Finding  the  values  of  these  componants  irom  the  diitF 
gram,  there  obtiuus 

A  d  =  W  ain.  o,  A  o  =  W  cos.  a ;  A  la  =  |  W  tan.  «  oob.  «,  A  n 
=  4  W  ton.  a  sin.  «. 

The  two  perpendicnlnr  componBnta,  it  will  be  neen,  act  in  a  con. 
trary  direction,  and  tliercfore  th«  strain  ou  the  fibres,  Ariaiiig  from 
simple  detlectiuu,  will  ho  due  to  their  didVi-cnce;  whilst  the  ooni* 
ponenta  along  A  B  acting  in  the  namu  dii-<->ction  will  ]>rod\ice  a 
diroct  atrnin  of  Ci>mpreaiiion  on  the  fibres  due  to  their  sum. 

The  greatest  vnlue  for  the  bending  moment  will  evidently  be  for 
the  croes-aection  of  the  beam  at  O  where  tho  weight  W  acta; 
Tharefore  to  expreu  it<  value  fur  this  point,  there  obtauis 

(Wrin.a-JWtAii.««a.o)^I  =  i'Wiin.  al. 

Sujiposing  the  cros^-section  of  the  beam  to  be  a  rectangle,  and 
representing  the  side  in  the  direction  in  which  W  acta  by  d,  and 
the  brtHulth  by  &,  there  obtains,  g  q,  fur  Ibu  limit  of  the  strain  on 
tiie  unit  of  area  at'tlie  extreme  fibre,  due  to  the  deflection 

For  the  Btrain  on  the  unit  of  Burfjice  from  the  direct  compreanon 
arising  from  the  sum  of  the  par^Iel  oompnnenta,  there  obt&iua 


R" 


W  003.  B  +  i  W  tan,  a  ain.  « 


Now  taking  the  sum  K'  +  ^"y  the  limit  R'"  of  the  strain  on  the 
luit  of  art«  must  be  less  than  this  Etom*  or 

R^'  <  R'  +  R". 

In  the  preceding  example,  as  in  the  following  in  this  BectioQ,  the 
relative  diracnsious  of  the  lengths  of  the  boAms  and  their  cross-ieo 
tiun  arc  BUpi>o«ed  to  tie  audi  that  /,  or  the  greatest  orduiala  of  the 
eurve  of  the  mean  Bhre,  arising  from  the  deBeotioo,  may  he  rfgiii-d'<d 
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u  so  imall  that  tho  direction  of  the  coni|>oiieDt«  of  the  extemftJ 
foropK  |)arallo)  to  llua  fibre  fiWI  dvviato  bo  slightly  from  a  riglil 
linn  Uint  it  may  be  reganlml  as  sticli.  In  any  other  ca^e  tiie  mo- 
ment of  the  algebraic  num  of  these  coniponeuts  would  have  to  be 
added  to  the  moment  of  the  algebraic  lutu  of  the  prrpeudicuUt 
coitijHiDuntK  to  oblain  the  bending  moment,  in  iiraciico  it  i»  sel- 
dom that  thia  is  neceeaary,  aa  the  amount  of  deflection  allowed  i« 
always  very  Rmall. 

Caw  2.  (Fig.  X.)  Beam  having  on*  end  iiolidly  Jiaeed  and  tup^ 
ported  eU  tome  intmvtediaia  point  beturegn  the  Uco  eiulsy  either  ni/ 
anothsr  indined  b«am  betmo,  or  by  a  bar  above  it,  to  tuMiain  ih* 
adion  of  a  uwfflU  at  tha  other  end. 

Let  A  B  be  tho  projecting  poriioD 
of  tho  beain,  C  the  intermediatt 
point  to  wlticli  a  beam  D  C,  or  u  bar 
B  C  IH  Attached. 

Kciir*!wnt  by  W,  the  weight  act 
ing  at  B  peri>eudicu]ar  to  A  B ;  A 
C  =  /  and  B  C  =  /'  the  lengUia  of 
the  two  segnienta ;  a,  the  anglo 
ADC. 

Tlio  beam  being  held  in  its  por- 
tion and  prevented  from  turning 
around  C  by  the  downward  vertical 
reaction  at  tho  |>tiiiit  A.  Kc)>n.-sc»t- 
iiig  thin  force  of  reaction  by  W, 
there  obtains,  from  the  thi^orem  of 
parallel  foTx:«B, 

Wt 

and  for  the  reaultant  of  W  and  W' 
which  acta  through  the  point  C, 

Reprewnting  thin  reeulUnt  by  the  line  C  b,  and  constrncting  thn 
panllelogram  of  forces  in  the  directiuua  C  B,  C  D  of  the  axea  of 
the  beams,  there  obtains 

Ce=W^^  tan.«jCd  =  wi''''' 


r*.> 


w 


w*w  Y 


ooa.a 


Taking  the  segment  A  C,  it  wilt  be  Been  that  its  fibres  will  ba 
t 
strained  by  the  foroe  W  -j  ,  acting  at  A  to  produce  simple  deflea 
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lion ;  uid  bj  the  force  W  — j—  tan.  a,  acting  Id  the  direction  C 

b>  produce  direct  exteumon.  Tbe  Umit«  of  the  Birmics  on  the  unit 
of  ares  of  the  crou-section  as  a  rectangle,  in  which  d  aud  b  tv^rn- 
pent  tbe  sides,  as  in  Cbe  preoediog  oase,  vrill  be. 


ud  for  R'"  <  R'  +  B", 


R'=rT-i--.>  and  ll"= 


W — 7—  tan.a 


bd 


6  Wi' 


Lti' 


tao.  a. 


At  the  atrain  on  the  lower  beam  is  direct  compressioD,  there  ob*J 
tains  for  this  limit, 

vrji  +  v) 

b'd' COB.  ai 


R"< 


Rrf.Y 


'£ 


in  vLioh  b'  and  d'  are  tlie  aides  of  the  rectangalor  cron-section. 

IJke  exprussions  would  be  founil  for  the  Iat,  tlie  dii'ectious 
the  direct  scraina  being  reversed.     Those  on  the  segment  A  C  beingl 
oompressiotis,  aud  thoso  uu  thu  bar  vxtiiuiuuiui. 

Com  3.  (Fig.  Y.)  titraitui  on  tlu:  parts  of  a  frame  of  threebtavu 
anting  from  a  preawwrt  at  one  of  tJ\e  angular  poinU,  or  from  pru- 
rurM  uniformi^  dittributtd  over  the  Icnytha  of  ttvo  of  the  parts. 

In  tluB  combination  the  beams 
are  united  at  the  aognlar  points 
by  somt)  of  the  uiiual  joints  for 
Buph  [kuqioses. 

Supptisn-,  in  the  first  place,  the 
b«uu  B  G  to  be  horizontal,  and 
tu  mKt  nu  two  fixed  aupports  at    ^ 
B,  C,  and   the   pressure   at  A  to  *  ^ 
arise  from  a  weight  W. 

Setting  off  from  A  tbe  length  A  b  along  a  vertical  line,  to  repr 
kcnt  the  weight  W;  constructing  on  this  line,  as  a  resultant, 
parallelogram  of  forces,  haviiig  the  components  A  d,  A  C,  in  thft^ 
directions  of  tlte  two  btmn|s  A  B,  B  Cj  and  denoting  the  angles 
between  A  b  luid  its  two  onmponcnts  hy  p  and  ^ ,  there  obtains 


Ad  =  W 


sin.  q 


•^  (P  +  ?)  ' 


Ao  =  W 


sm.^ 


axLip  +  q) 


Itj  from  d  and  0,  two  Uuee  d  m,  e  n  be  drawn  perpendicular  (A 


&8S 


Aprxmix. 


A  b,  Oitj  will  ho  eqiLftl,  knd  will  rflprosent  the  horizontal  pro«sura 
or  nActiga  of  tlie  b^ama  at  the  point  A,  which  is  expraned  bjr 


d  nn  =  CD  := 


nn.  jt>  Bin.  q 


W. 


Now  M  the  preoBuret,  represented  by  the  compoueuta  A  d|  A  O, 
ore  transtnicted  tfarougli  the  limiiui  to  tiie  {loiuts  B  aiiil  C  reR|M»cL- 
ively,  th«y  can  each  bo  rcwilved  into  two  conipoaeuU,  one  verticaJ 
which  wiU  be  oountersoted  b/  the  pointa  of  rapport  B,  O ;  and  oua 
hortzoiitAl,  couutnriicted  by  tJie  reaiBtanco  offerad  by  the  beam  B  C 

Tho  vertic*]  comjHjDent  at  B  is  ovidentjy  ea^na]  to  A  tn,  and  Lha 
cue  at  C  to  A  n ;  Uie  horizontal  componontA  at  B  and  O  are  each 
equal  to  d  m  =  0  D.     Froiu  the  diagram  tliore  obtains 


„,  sin.  a  coa.  p        ^  „,  an.  p  com.  q 

for  the  Tertical  ooniponent«,  or  pressnrea  on  the  points  of  support. 
Wlion  the  anglos,^  and  q  are  equal,  there  obtains 


Ad=Aas J 


W 


COB.p 


;dm  =  o&  =  itWtan./};  Ain  =  AB  =  }W. 


The  strains  on  A  B,  A  C  will  be  oompresaions ;  and  tliat  on  B  O 
ext^'UKioi),  Their  Uiiiic  on  Uto  tmit  of  area  will  be  dftL^i-niinud  ne 
in  the  preceding  cases  for  direct  rnrnprosidon  or  exlenwon  ;  which 
Tslues,  however,  would  be  true  only  under  the  (lupposition  that  the 
relatiouH  betu't^en  tlio  tcti^lhK  A  B,  A  G  and  the  areas  uf  thini 
croiu-Kections  were  sudi  that  there  would  be  no  strain  from  de* 
flection. 

It  is  well  in  thia  and  like  cases,  for  eoDvenient!e,to  note,  (iiat  tlio 
cwo  trinngles  A  d  b,  A  C  b  into  which  the  pnrullvlogroin  is  divided 
by  A  b,  are  similar  to  the  triangle  BAG;  that  the  peri>ondiculAn 
d  m.  d  n  divide  A  b  into  segnienta  which  are  rrapcctivoly  pro|>or- 
tioiutl  to  the  two  sogmenta  into  which  B  C  is  divided  by  A  b  pro- 
longed ;  and  that  in  the  resolution  of  either  component  of  A  b,  aa 
A  a  fur  example^  at  any  point,  as  B,  on  itii  lino  of  directiun,  into 
components  |>er|iondieiilar  and  pamllel  io  A  b,  the  two  eomjKiooiits 
will  be  reftj^>ectively  d  in,  and  A  m,  which  is  the  segment  of  A  b 
betwein  A  and  d  m. 

In   the  ciwe  of  an  emial  pressurR,  «j,  on  each  unit  of  length  of 
A  B,  A  C,  represented  by  /,  /  reapectirely,  each  beam  may  be  ro>| 
garded  as  in  Cage  1 ;  tlio  strains  arising  from  the  vertical  praaunt^ 
«e  i  and  HI  r  ncting  at  the  middla  points  of  the  beaina. 


Cam  4.  (Fig.  Z.)  lUof  trtua/ranud  with  itnitt  and  king^oat. 

The  BtriiitiR  on  the  {liiTerent  parts  in  this  and  like  cnsea  19 
QBUAlly  dne  to  a  weight  uDifonnly  distributerl  along  the  raftera,  in 
which  may  hv  included  the  weight  of  each  raft«r. 

The  HtrittK  E  D,  F  D  are  intended  ti>  diminiah  the  amount  of 
dellocfcioo  of  the  raftei-s,  keeping  the  middle  |>oint  of  each  in  the 
Banie  right  line  as  the  two  ends.  Kach  mftcr  therefore  will  be  io 
the  condition  of  a  iMsam  resting  on  three  supports  in  a  right  \in'\ 
in  which  |tha  of  the  component  of  w  I  |H>rptindicuIar  to  the  rait«r 
wiU  act  at  the  middle  {wint,  and  -j^ths  at  each  end. 


»  vi 


■  wt 


Representing  by  t  the  length  A  C,  B  C  of  the  rafl«ns ;  by  to  the 
weight  on  the  unit  of  leugtli ;  and  by  n,  the  angle  CAB  betwcon 
Mch  rafter  and  the  tie-beam  A  B;  then  the  normal  pressure  at  tha 
middle  (mint  of  each  rafior  will  be  'I  ic  /  cos.  a,  and  that  at  each 
end  -^  to  I  COS.  a.  The  oomponents  jtar&llt^l  to  or  along  the  raflcn 
will  produce  dti-ect  compression. 

Preantre  on  Vm  Strut*. — This  pressure  will  anM  frtna  §  w  £  coa.  a. 
RaprBsuiittii}*  by  jS  the  angle  iKitwL-va  the  Ktrut  and  raflpr,  and  bv 
P  the  pres-^ure  in  the  direction  of  the  strut,  the  component  of  P 
perpendicular  to  the  raft«r  muat  be  equal  to  the  normal  presKure  on 
the  rafter,  ur, 

Pain.  ^  =  ftwf  COB.  «.  .-.  P  =  8ujl^?^ 

nn.  p 

Tenaum  <m  Hnff^ott — Tlua  tension  arises  from  the  downward 
pnll  of  the  prcsiiiiro  P  un  each  strut,  which  in  truiiHiniltt^d  to  Uiq 
lowwr  end  of  the  king-post,  and  from  the  wuight  of  the  tie-bcaiji. 

As  each  strut  makes  an  angle  {/?  —  «)  with  the  tie-beam,  the  coin  [to. 
nent  of  P  along  the  king  i>of.t  will  he  P  sin.  ()S— a),  and  ax  the  king- 
post pruvvnta  dftU-ction  of  the  tic-beam  at  the  middle  ]H>int,  tlie 
additional  pull  on  the  part  of  the  king-po«t  above  the  lower  eml  of 
the  strata  will  be  §  Wj  in  which  W  represents  the  weight  of  thf 
tio-beam.     Therefore  calling  the  total  pull  T,  Ibtire  obtauu, 

P=:|W'-*-3Pain.(j3-«), 
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Vtnicat  raaetion  of  Iha  poinU  of  lujtport  on  ika  fock  o/  aaek 
rqfltrfrom  tiie  \e«\gM  of  iKe  roof-covtriw}  and  tie-beam. 

Uui>n<wiitiug  by  \V  tlio  vertical  rwctioD  at  A,  B^  2  W  wiU  evi- 
•leuUf  be  Ri^nAl  to  the  Biim  of  2  w^  the  veight  of  Uie  roof-covcringf 
•ba  of  £  W  which  u  thd  pull  on  Ui«  king  {tost  from  tlie  weight  of 
Ute  tie-beiuu  tnuuwitted  to  the  jtuiotioa  C  of  therafiersj  then 
obttttns  to  ezprees  the  iX]UJiUlf 

Tenaion  on  Oie  iMeam, — Tlio  forces  wiiilied  to  the  fool  of  emcb 
rafter  at  A,  B,  are  the  vertical  reactions  W,  the  weaght  ^tolf  and 
thu  tuiuuuu  ou  tLti  tio-b«iun. 

Repreaeiitiiig  tlib  tension  by  T.  it  is  erident  that  iho  differsDoe 
betv«on  the  coni[K>Qvuts  of  W  and  T  normal  to  tbt*  rafl«r  aiuai  be 
equal  to  the  normal  couipoueot  of  ^f  tc  t ;  from,  this  th«i-e  obtaixia 

Wco«.a  — Tnn.  a  =  -^i0<coB.  a.    .*.   T  =  (W  —  ^w/)  tan.  a. 

\S1tcD  the  weiglit  of  the  tie-b«am  may  be  disregarded  inproducing 
deflection  it  vjll  be  subjected  1o  the  strain  arisiui;  from  T  atone. 

From  the  prL-oHling  i-xpn.'s.iiouft,  the  values  of  T  and  T'  can  be 
obtained  by  substiiutiug  for  the  vjtlues  of  P  and  W  reBpectively. 

The  strainH  on  each  segment  of  tlie  r&ft«r  A  C,  for  any 
Hon,  will  anno  from  the  fi>rct>a  acting  mirmally  to  Hie  segments 
A  and  C  which  produce  deflection,  and  from  the  forces  aoting  along 
thu  rnftor  producing  c«int]>reniion  at  tite  croRB-eeotion.  TbesQ  <Ma  be 
readily  fuumi  iu  a  nitiiilnr  iniuinfr  to  C7(u«  I. 

Having  found  the  uniouut  of  strain  for  each  piece  of  the  frame, 
the  limit  of  thti  strain  ou  the  unit  of  area  of  the  aross-section  can  be 
detcirniineid  in  the  tiHimt  way. 

C'ftM  fi.  (Fig.  A'.}  Jtoof  (ruM  lA  which  the  rafUrrt  art  ditmUd 
mlo  thn«  tguai  atffrnents,  and  aupporOul  at  Ou  pointt  of  JiuUion  bjf 
ttnUtf  tiu  lotoenr  endu  of  which  are  tuj^orted  by  a  king  or  ^immi- 
pott. 

Brf-A 


tol 


W 


Ijel  A  F,  F  E,  E  C  be  the  three  ^ual  segments ;  F  6, 11  D  ths 
two  struts  BUpporting  the  point*  F,  E,  and  supported  at  their  lowei 
»)ds  by  the  ({ueen  and  kiug-poata,  E  O,  C  D. 
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Tlio  more  naual  manner  of  determining  the  ainnant  nf  itrttin  tm 
Mcb  iMtH  of  the  trust  is  to  conaiiler  it  as  composed  of  scveml  secon- 
dory  trianj^Iar  fi-ames  or  trimes  ia  which  the  piece  comiiiou  to  au; 
Iwu  of  tliu  HL-couiiury  tnisaea,  as  a  strut  or  tie-buum,  fur  example,  ut 
BiibjeoteJ  to  thn  .ttrainH  arLBUng  from  the  cotnpremioDs  or  ext«tigiona 
biought  upon  it  from  the  forcAS  aetiog  oa  the  parts  with  which  it  is 
coniiRcU'ii. 

Tukiug  the  half  A  C  D  of  the  primary  A  C  B,  it  may  be  regarded 
M  composed  of  the  Becondoxy  trusses  AFG,  AED,  SCD;  in 
which  the  strut  F  G^  and  the  segment  A  G  of  the  tie-buam  form 
jitirts  of  the  two  first,  etc 

As  each  of  the  equal  segments  of  ihe  rafter  bears  one-third  of  tlw 
weight,  or  ^%ol,  utufurnily  distributed  over  it,  oud  is  supported  at 
ita  two  endn,  the  support  of  each  end  will  sustain  om>-hiilf  of  this 
third  or  \.  ^wl  =1  \wi.  In  this  vaj  tho  supports  A,  G,  bear 
directly  ^u)/;  aud  the  two  F,  E  bear  ^ic^ 

Now  ntch  of  throo  triangular  frames  may  be  regarded,  as  in  Cote  3, 
as  acti'd  upon  by  a  vertiuol  force  at  it^  vertt'x,  the  efTcot  of  which  is 
to  produce  a  direct  oompression  on  the  two  sides,  and  extension  oa 
the  luuiu.  To  Cud  the  luuouut  of  thesu  fur  AFG,  cun^itruct  tlia 
pnrnlli^Ingrain  of  for('<?s  huving  ji  vtl  for  the  resiiIUint,  and  the  oom- 
ponenttt  in  the  directious  F  A,  F  G.  itepresenting  by  a  the  angle 
FAG,  these  componenUi,  ms  the  tiiangle  A  F  G  is  isonoeles,  will  bo 

equal,  and  each  equal  to  ^  ~. — .    These  oomponencs  exert  oouipres 

siona  on  F  A,  F  G,  which  are  transmitted  to  the  points  A  und  G. 
Here  the  first  is  sastained  by  the  vertical  reaction  of  the  point  of 
support,  aud  that  of  tho  iM^mcnt  of  the  Ue-beani  A  G.     To  find 

these  reactions,  resolve  |  -: —  at  A  into  two  components,  one  vetw 

tical,  the  otlier  horizontal.  The  Brst  will  he  |vW;  the  seoond 
^tcl  cot.  a.  By  a  like  process,  the  vertical  and  horizontal  com- 
ponents of  1-  - —  at  G  will  he  iwl  which  is  sustained  by  the 
*  •  Kin. a  • 

qu(>en  post  E  G  and  transmitted  through  it  to  the  |>oiat  E,  thus 
producing  direct  exteiisiou  on  tho  queen-|>oet  \tol  cot.  a ;  and  the 
horixontal  component  will  be  eqnal  and  ojipoiiit*)  to  tho  one  at  A, 
aud  will  produce  direct  exteosioo  on  the  segment  A  G  of  the  tie- 
beam. 

For  the  second  truss  AED,  there  will  be  a  direct  force  ^  w ^ 
and  the  transmitted  force  ^  wl,  or  ^wl  +  ^tol  ^  ^  at  acting  at  E. 

This  resolved   in  the  directions  E  A,  E  D,  will  give  ^  -. — -  foi 


wl 


ai&,a 


for  that  along  £  D 


the  oorapoaent  along  B  A,  and  J    .      „  y.  ^ 

sm.  Ci  XI  Lr 

These   two  oompoueate    are    trausioittet],  through  the  rsfler  anr 
strut   res|>ertively,  to    the   points  A,  D,  aud   are  there   counter 
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kctod  hy  tb«  reaction*  of  the  nipport  A,  taxA  the   tt«-bf*«a   on 

the  one   baad,  and  by  thoHe  of  the  tciog-jKist  C  D  aiitl   the    ttcy 

.  beftm  OD  tlie  oUier.     Ttie  p-zteiiiuon  on  the  tie-beam  wiji  be  ^  wt 

^on.  a ;  (he  vertical  pressure  iitA,,^u>l;  and  the  pull  on  the  king- 

post  ^  w  /. 

For  tlie  half  A  C  D  of  the  primary  truae,  there    ia    a  direct 

force  ^  w  I,  aud  the  txiuisniitted  force  ^  w  t,or  \iat  +  ^iot^^ 

w  I  acting  at  C.    This  resolved  at  0  in  the  dii-ectiou  C  A  ami 

wr  / 
pecpendioular  to  the  direction  i  w  ^  gi^es  for  the  £ni  ^  -: 

and  ^  to  {  ooc  a,  This  laat  ooniponent  is  equal  end  contraiY  to 
the  like  component  of  ^  u  /»  for  tlie  other  half  B  O  D  of  tlie 
priniBty  truss. 

FroQk  this  oittUiod  of  considiTing  the  eonneetioo  of  the  Mcondary 
tmSMH  with  each  other,  and  with  tho  primarv  tnua,  and  the  proa* 
sures  to  which  tltoy  are  subjected,  it  will  be  seen  that  the  segiDoni 
A  F  of  thu  eecontlary  truss,  A  F  G,  will  be  strained  by  the  pr**a- 
■ure  at  F,  tuid  by  lliiiae  on  the  sognioiiLa  F  E,  E  C  of  Iho  ruftur ; 
and  tlie  segment  A  G  of  the  tie-beam  by  those  on  G  D,  by  which 
it  is  connected  with  A  EI  D  and  A  C  D.  In  like  zoanner  th« 
Btrainn  on  the  )MLrt£,  E  F,  G  D,  which  connect  the  secondary  tniw 
A  E  D  with  the  primary,  will  ariite  from  the  prcHsurcs  at  E  aod 
C.     Adding  togetlier  thoM  different  forces,  there  obtaiu 

tjrr:;'**!  ;rr^"*">  ;nr^~  T  ■= — r»  •■^rl*'*'  compreauon  of  the  aeg- 


BlU.(t 


un.  a' 


Bin.  (t  '  '  am.  a 
meatAF.    x-?^+iJii=4 

V  Bin      rw         *  *in      a  * 


wl 


Bin.  a 


am.  a     '  sin.  a 


f  for  the  oompreaBioQ  on  tlta 


Berraont  F  B.     A  -■ =  I  -= >  for  ibe  oomnressioo  on  E  O. 

^  ^  sin,  a      ■  «m.  a  ' 

In  like  manner  the  tension  on  the  seffment  A  G  of  the  tie-bAun 

will  bo  found  otiual  to  |-  w  /  cut.  a  ;  iiuu  tliat  on  the  segment  G  D, 

^  \o  I  cot.  a,  as  tliiH  Hcgment  forms  a  part  both  of  the  Becundai^ 

Iruas  A  E  D  aud  of  the  primary. 

Cato  a.  (Fig.  B'.)  Jioof  tru4»69  of  toroughi  atid  eatt-iron. 

Id  these  com< 

binations     t  h  a 

rafters    of    the 

P'  truss     are      at 

wrought  -iron 

of    a  X   o*"    I 
.      cross  -  section  ; 
the     atnits     of 
T'  H — T""*"         cast-iron,    and 
the    tie  -  beams 
ud  rods  of  wTonght>-iron,  of  round  or  roctanguUr  omss-spotion. 

In  ordinary  niiajis  the  rafleis  are  supported  by  a  single  strut,  u 
at  E'D',  which  |>rcvuute  the  deilection  at  the  middle  puiul,  by  tbt 


/ 


r' 
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Kaotion  of  tha  two  tie-rods  A  jy,  C  D',  to  which  the  lower  end  of 

the  strut  i»  fastened.  When  the  length  of  the  raftur  is  so  gn^t 
that  one  tti-ut  would  not  give  guffident  gtiffuess,  two  mtenuediAM 
Btnite  oxv  iusivtocl,  dividing  the  rafter  into  four  equal  iiogmeutiij 
the  intRrniedialBj  like  the  main  strut,  being  held  iu  plnoe  bir  tie* 
rods. 

In  the  first  combioiition  thdre  will  be  one  secootUry  trtiss  oulj, 
B8  shown  in  the  loft  lialf  of  the  Fi^.  In  the  second  there  will  bo 
three  secondar/  trusses ;  but  each  of  the  two  smallor  ones,  being 
ooDziected  only  with  the  larger  seooitdiiry  and  the  primary,  will  be 
afli'ctcd  only  by  tbu  presaores  on  these  two. 

Taking  the  case  of  a  single  strut,  represent  by  lo,  as  in  the  pre- 
ceding caBee,  the  weight  on  the  unit  of  leii^tb  of  the  rafter ;  /,  ite 
length;  a,  the  angle  CAB;  H,  tho  horizontal  reaction  of  the 
rafters  at  the  point  C  ;  R,  the  presisare  on  the  atrut  E'  IV  ;  T,  the 
tenaiou  on  the  tierod  A  D' ;  S,  the  tension  on  C  IX. 

Leaving  out  of  consideration  the  weights  of  the  strut  and  tie- 
rods,  as  small  in  compariKoo  with  lo  l^  the  weight  of  the  raftera  anrf 
roof-covering,  w  I  may  be  taken  as  acting  through  the  middle  poin^ 
E'  of  A  C,  Hod  its  moment  therefore  will  he  equal  to  tho  ntoment 
of  the  couple  H,— H,  at  0  and  A.     Prom  tliis  there  obtains 

w/.iAD"  =  H.  CD'. 

or,  placing  for  ^  A  ly  and  C  D",  their  values  ^  I  ooe.  a,  I  sin.  a, 

I  U7  r  oOB.  a  =3  H  /  sin.  a.    .*.   H  =  }  10  /  oot.  a. 


Considering  the  rafter  as  a  nngle  beam,  calling  R  the  normal 
preaaure  at  the  point  E'^  and  R'  those  at  the  points  A,  C,  there 
obtiiins,  Coat  4, 

R  =  I  w  I  00s,  a.     R'  =•  tV  *<*  '  c^^**  '^ 

To  find  the  tension  T  on  tbo  tie-rod  A IV ;  the  diOTerenoe  b^ 

tween  the  normal  component  of  the  tension  and  that  of  the  rMO- 
tiun  U7  /  of  the  weij^it  of  the  roof  at  the  point  A  is  equal  to  the 
uonu&l  com|)unent  R',  therefore 

to  I  COS.  a  —  T  sin.  a  ^  -^  10  Z  cos.  a.    .-.    T  =:  1 10  f  cot.  a. 

To  find  the  tension  S  on  Ciy ;  the  dilTereuce  of  the  component 
jf  this  tension  and  of  the  oomponent  of  H  j>erpendicular  to  the 
rafter  is  also  equal  to  R',  therefore, 

^  10  {  co«.  a  —  S  sin.  a  =  -^vtl  00s.  a.     .-.     8  =  -^  wl  cot  a. 

As  the  portion  of  the  tie-beam  between  the  points  ly  D  belong! 
only  to  the  priniaty  trues  A  C  B^  the  stnun  upon  it  will  he  dtie  t4 


»« 
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tb«  horironUl  reaotioD  H  cf  th«  two  halvea  of  Um  tru«  ftt  C^  Wid 
will  Uierdfore  ha  equiJ  to  ^  tn  I  coL  a. 

From  ihme  vstuen  of  the  forces  of  compironoQ  atul  exiendoja  on 
lbs  diff«nmt  pckita  of  th«  trun,  the  ttraini  on  the  uxiit  of  ai-e»  on 
e«eh  pATt  oan  be  found  an  iu  tbe  pi-ooodiog  cMa. 

Con  7.  {Fig.  B'.)  An  tbe  mfUir  i»  bona  anpported  at  tbrea  Inber- 
oiBdute  points  of  support^  dividing  it  into  four  oqual  sognieats, 
Mcb  of  which  nustains  ^  %o  I  uniformly  dictribuUnJ,  the  normal 
praHUi«,  and  ouuMMiuout.  reactions,  at  the  pointa  of  suj)jK>rt  wilt  btt 
l^e  same  ai  found,  Ciw  3,  §  t. 

Reprowating  by 

P,  the  normal  pramure  at  Lba  middle  point  of  the  rafter; 

P',  P't  iKosc  at  tho  othor  two  intermediate  pointx  ; 

P",  P",  thoaa  at  tho  ends; 

T,  T',  the  teiiAiomt  on  Uie  negmonttt  B  H,  D  H  of  thfs  horizontal 
tie-rod  of  tho  largur  aecondiuy  truas ; 

S,  8',  thoatt  on  tho  oarresponduig  Mgmonts  of  the  incUnotl  tio> 
rod; 

T",  S",  thofto  on  tho  two  tio-roda  of  the  Binaller  aooondary  truaaee  : 

H,  tho  horizontal  reaction  of  the  halna  of  the  primanr  tnua,  nod 
which  ia  eijnal  to  thu  tenaion  on  the  aegment  D  D  of  the  lift* 
rod  which  ooQiiecta  thorn  ; 

to  /,  thv  vvi-tival  reaction  at  B; 

a,  the  augld  C  B  D" ; 

R,  the  prcfifturo  on  the  main  atrut  D  B. 
Tbeo  there  obuiua  for  the  tension  H  of  the  ae^ent  D  D'  of  tho 
titt-boani 

U  s  }  u)  f  cot.  a 
For  the  fonaion  T  of  the  aegment  B  H  of  the  tie-beam 

%ol  coa.  a  —  I*" 


w  /  coa.  a  —  T  ain.  a  s  P".     .-.    T  =s 


auL  a 


For  tlie  corresponding  tenuon  S  on  the  aegnient  O  I  of  the 
iucliutMl  tie-rod, 

«   .  c    .  ,..-  o        H  Bin.  n  -  P" 

H  cm.  a  —  8  am.  a  ^  T  .     .*.     8  =  • -. . 

Bin.  t 

For  the  tenaioQa  T*  T",  as  they  with  T  and  P'  are  in  equilibrio  at 
chn  |»oint  H,  the  iilg<i>brBic  miniH  of  their  cumpoueuta  perpendiculat 
nod  parallel  to  H  G,  will  rcupoctivoly  be  &^ual  Ut  zero ;  tJierefora 

rooB.a  +  r'ooB.«-Tcoa.o  =  0    .-.    r+T"  — T-0 

rain.«  —  T"ain.a-Tnn.a  +  P=0. 

,•,    (r-T'-T)ain.a+F=0. 


imnrpix. 
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Id  like  manner,  for  the  tensions  S',  S".  S  and  the  pressure  P',  ther* 
obudns 

S'  +  8"  -  S  =.  0 

(S'-S"-8)8in.a  +  P'=v0 

JTrom  these  four  last  pquntions,  the  valuc-s  of  T,  T",  8',  S"  can  bo 
-Wadil^  found,  as  S  and  F'  ara  known.     TboM  of  T"  and  S",  are 


T"  =  S"  =  i-rT 


Bin.  a 

The  strain  upon  the  main  strut  is  due  to  the  norma]  prertRiireP  and 
the  components  of  T"  and  S"  in  tlio  dii-cctton  of  P;  there  obt«mi 
cherefor«, 

K  =  P  +  (T"  +  S")*in.a. 

This  Ta]ue  of  R  »  balanoed  by  tbe  oompODenta  of  T*,  S'  in  tiie  OMk* 
irmry  direction. 


Cau  8,  (Fig.  C.)  Singh  l/iitice  girder. — ^This  girder,  vbioh  con 
iUta  of  an  upp4>r  and  lower  beam  A'  C,  A  D,  connected  by  diago- 
nal bnM:cs  A.  A'  A'  B,  B  B',  etc.,  M-hicli  make  equal  angles  with 
A  D,  A'  D',  may  be  reganlcMl  aa  an  articulated  nyntHm  in  which  the 
points  of  aTticulation  are  A,  A",  B,  B',  etc ;  and  the  st-rains  upon 
each  piece  may  he  found  an  in  Case  5. 

Th<^  gird«r  mav  bu  strained  either  by  a  eingla  force  acting  at  any 
point  of  it  jK'rpondicular  to  A'  D*  or  A  D  ;  or  by  equal  forces  act- 
ing at  the  |H>inta  of  articulation  B.  C,  D,  etc.,  which  would  result 
from  a  unifonn  preesuro  along  the  luwer  beam. 

tiii]>posing  the  girder  to  rest  on  horizontal  points  of  support  at 
it«  extremities,  let  2  W  be  a  weight  siiB)>ended  at  its  middle  point, 
and  a  the  angle  between  tbe  braces  and  a  vertical  luie ;  ibim  uncb 
jminc  of  support  will  yield  a  reaction  W,  and  will  ranse  a  strain  in 
the  direction  of  the  axes  of  each  of  the  two  pieces  A  A',  A  B  eon- 
tiect*--d  at  A.  To  find  the  direction  and  amount  of  each  uf  these 
forces,  let  a  length  equal  to  W  be  sot  off  Erom  A  on  the  vertical 
lhrouj(h  it,  A8  the  resultant  pressure,  and  the  parallelogram  of  forcei 
be  coDstracted  on  it,  having  ita  oomprnents  in  the  direction  A  A' 


B  A;  tlMt  b>  Ut*  gwctJM  A  A'  wfll  W 
•  i  Atmimf  Oml  A  A'  ■  ifcJiKii  to 


BdB  A 


7W  fan 


to  tbe  petsi  A', «!»«  ii  ia  n- 


e»md  aal  «Mttl«riMlMaid  b^  iIm  rMfateoH  o&rad  bj  tlw  paai 
A'  V  nd  A'  Bl     Praln^ia^  A  A',  bsTaod  A,  aettiag  otf  fr«» . 

M  lUt  pffvlaapllo* MAnsnltairt,  aad  MnatraotiBf  tha 

•nelapaB  of  fama  in  iJm  itireelioa  B  A'  lad  A'  V ;  the 

MitflBdMiSneliaiBA'wiUte  — ;  tliat  ta  A' B*.  3  W  tea. «. 

opa." 

TW  ftrat  wQl  atom  axtaaiioa,  tfca  ■<eoDd 

na  fava u  trantiiniUnl  to  die  pcaat  S^  ^are,  niolved  m 

iKft  (lirwetioiM  B  B',  B  C,  Ihn  two   ooiiipaoefrtB  wQ]  be  as  befar* 

W 
~— •,  and  3  W  lao.  a ;  umI  tb«  now  viU  obtain  by  a  Uka  propaM 

at  Um  otbar  pomU  of  artienlaliiM. 

From  tbi»  it  in  anen  that  eacb  bnoe  bean  a  ctrmtn  doe  to 


W 


lh«t  OM  A  A'  and  thowMrmllel  to  Jt  being  oomprf«wd,  the  othan 
mih^veibd  tri  t/nuiion.  That,  at  tba  poinU,  A',  tfj  C,  eta.,  tbura  m 
a  cunipnannn  r>f  the  ii^ment  to  tba  right  eqoal  to  2  W  t*n.  a,  from 
tb«  actioD  of  aaob  brace  aepMmtel;,  bat  u  tbeae  praavnrea  coUeo^ 
6*«l7  acoamulate  from  A',  by  2  W  Un.  >i  at  B',  &,!>'.  etc;  tba 
prwuiaa  on  the  anecoadve  aegroenta  wUl  be 

3WUn.  «forA'B';4WUiLaferB'(r;6WtaiL«ror(rD',eta. 

On  thfl  Inwt-r  beam,  In  like  manner,  tbe  tenmion  on  tbe  a^meat 
A  U  u  W  tan.  « ;  that  on  B  C,  3  W  tan.  a ;  on  C  U,  d  W  tan.  «, 
Mo.  The  eotnprMHiimi  and  %«ulotia  thua  Laoreasiug  towardi  ih» 
middle  of  tlut  iipjN'r  and  tmm*  benmn. 

It  maj  be  reniarkcd  that  the  direction!  of  the  ootDpreaatoo  an 
fr'iin  A'  luwRrda  A,  eto.,  for  the  compreaaed  braoea;  and  thoae  of 
thn  ifn»\nn»  from  A'  lowftrda  B,  etc 

Were  the  force  2  W  to  act  at  any  other  point,  it  would  be  aim- 
\}\y  ueopeaary  to  Sad,  from  the  theorem  of  pej-kllel  forc««,  the  oohh 
pooetit*)  at  tint  pointa  of  nniiiiuri,  and  find  from  theae,  regarded  ■■ 
ibe  rcftctioDA  of  tbeae  point*,  the  utrains  as  juBt  exphuned. 

In  the  oaaa  whoro  thtt  weight  Ib  uuifonnlj  distributed,  Jet  2  w  b« 
Uin  Tertica]  wnigbt  at  each  Tower  jMiint  B,  C,  eta,  and  n  t}ie  uum* 
her  of  tbeae  lower  pointa.  The  mitim  diitlrihut^d  weiglit  v-iU  be  i 
H  M,  (roB  vhioh  there  will  Ytf*  a  reaction  n  w  at  each  inpport. 
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It  u  to  be  noted,  in  the  first  place,  that  foUoving  oat  the  Mtnie 
methodfl  for  the  reaction  n  to  aa  in  the  preceding  exnmple  for  that 
W,  the  same  lav  of  comprcssions  and  tansions  would  obtain ;  bat 
aa  at  each  point  B,  C,  D,  etc^  there  ia  a  direct  vertical  forco  2  w, 
acting  in  oppositiou  to  the  transmitted  force  through  the  braces, 
the  coini>onentH  of  2  w  in  the  direction  of  the  braces  and  lower 
btitkm  must  be  subtracted  from  thoae  of  the  tranamitted  forces  along 
tbeae  pieces. 


n  le 


^ns  for  the  point  A,  the  c<»n|>onenta  of  n  w  are   "■~  ,  and  n  w 


n  M) 


tan.  a;   at  the  point  A'  they  are  • and  2  n  «o  tan.  a;  at  the 


COS.  a 


point  B  thcj  are 


J  2  to         (n  —  2)  ar       ,  ^ 

=  — — — —  and  2  n  to  tan.  o  —  2  fi 

a       COS.  «  coa.  a 

10  tao.  a  =  (3n  —  2)  w  tan.  o;  at  the  point  B*  they  are — 

and  2  (2  n  —  2)  10  tan.  a,  etc. 

To  obtain  the  compreiwion  or  extonsion  on  any  brace  it  will  onlj 

be  neeeaBory  to  sabtraot from  that  on  the  one  preceding. 

To  obtain  the  compression  on  any  segment  of  the  upper  bennr, 
there  must  be  added  to  the  compression  transmitted  to  it  by  the 
brace  with  which  it  is  connected,  the  respective  comprosslons  on 
each  of  the  segments  preccditig  it.  The  aome  law  obtains  for  the 
•egiaents  of  the  lower  beam. 

Thus  for  the  compr«ased  braces  A  A',  B  B',  C  Ci  etc,  the  foroea 
of  comiirusHion  are  reHpectively, 

n  w      (n  —  2)  10      (n  —  4)  w     (n  —  6)  lu 


ooa.  a 


cos.  a 


coa.a 


coa.  a 


For  the  npper  segments  A'  B*,  B*  0',  C  !>*,  etc.,  the  forces  of 
Oompreaaiou  are  respectively,  '2  n  to  tan.  a,  4  {n  —  1)  to  tan.  s. 
6  (n  —  2)  w  tan.  a,  8  (ti  —  3)  lo  tan.  o,  etc 

For  the  lower  tegmenta  A  B,  B  C,  C  D,  etc.,  the  forces  of  ten* 
aiou  are  respectively,  n  to  tan.  a,  [n  +  2  (n  —  1)]  w  tan.  a^  [n  + 
4  {«  —  2)]  to  tan.  a,  [n  +  6  (a  —  3)]  «j  tan.  o,  etc. 

From  the  preceding  f^xprcjuunns  it  will  be  neen  that  the  strains  on 
the  stmts  decreane  from  tlie  points  of  support  towards  the  middle 
of  the  truss;  and  the  oompressions  on  the  upper  segments  and  the 
tensions  on  the  lower  increase  from  these  points  to  the  middle. 

It  niny  be  noted  that  in  this  case,  as  in  Catv  5,  the  succeaaiTe 
resolutions  of  the  external  forces  ought  hare  been  made  by  cotif 
mencing  at  the  middle  secondary  truss,  oomposod  of  the  two  middle 
braces  and  the  aegment  of  either  the  lower  or  upper  beam  connect- 
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lag  their  two  divergent  sirlcs  at  the  bue,  and  in  thU  wnj  tiio 
iwnlu  havQ  been  arrivMl   at,  hy  the  enctXMve  aoouniuUtions  < 
{treasure  at  tlio  points  of  artictilation,  fi-nm  the  rocoeBsivr  itddtUoi 
of  tJbfl  secondnrr  triangular  trnssos  vliicb  compOH  the  entire  Irui 
lu  Ca»«  b  blso,  AH  iQ  this  cA«c,  tlie  resoiutioiifi  or  the  extemaJ  (vi 
might  havt?   cuuiui<!Dcui)  with  the   primary  truss,  descending  from 
thiji  to  each  aecnndarj*  triixg  in  its  order.     The  mode  of  building  ftp 
the  main  tniHH,  pieov  by  piece,  and  shoving  the  etTecC  of  these  boo- 
OMisive  aditiliunR  upoti  (bo  Htruna,  is  man  palpable  to  many  thaji^ 
the  contrary  priwesa. 

The  foref^uig  expn^suoDB  con  each  be  deduced  from  a  general 
term  as  fotlown  :  let «  represent  the  oumbers  1,  2,  3,  etc.,  or  the  order 
of  cftdi  tertu ;  then 

2  t  (h  —  i  -f  I)  10  tan.  a 

will  be  the  general  t«Tm  from  which  the  compression  on  each  seg ; 
ment  of  the  upper  borixonUU  heaiu  can  be  deduced ;  &ud 

jn+2(i-  1)  (»-i+  1)1   wtan.a 

that  frum  which  the  tensions  on  the  segments  of  the  bottom  bean 
oan  be  found. 
The  Dtaximum  of  the  first  exprcsuon  is  jnTen  by  the  relation 

-  and  tliat  of  the  Boeoad  by  »  = 


i  = 


These  ralui 


, _.    —  -^ -J  —       2 

cannot  obtain  rigurously  at  ihe  uimo  time,  siDoe  i  can  only  be  aa 
entire  number;  but  one  of  them  may  be  rigorously  true  and  Iha 
otht.<r  v«ry  nearly  so  when  the  value  of  n  is  considerable.  The  two 
maxiuiuui  values  will  bo 

|p  tan.  a  (fi  +  1)'  and  ip  tan.  a  j  {n  +  I)'  -  1 1 . 

In  other  words,  if  N  r^>reseritfl  the  number  of  times  that  the  Mg^.j 
mant  A  B  is  contained  in  tie  horLtoutal  distance  between  the  ond< 
8up|>orls;  then  (he  greawst  horiioiital  compression  or  tt-usjon  will 
be  seiiajbly  expressed  by  ^  w  N'  tan.  a. 

Tu  jisKH  now  from  the  abstract  case  above  to  the  ordinary  lattico 
truss,  like  those  used  in  our  country,  the  following  approxiniat* 
methods  may  be  employed.  In  the  first  place,  the  B<>gnieuta  of  tho 
hortzuutnl  chords  which  ore  supposed  U>  be  a  nystem  ariiailated  at 
tlieir  extremities  may  bo  replaced  by  two  entire  boamii,  the  meau 
fibrw  of  which  will  bo  A  B  C  D . .  .and  A'  B'  C  D' . . .  ;  for  as  the 
tTonsversal  dimennioiui  of  each  of  thorn  is  very  small  compared  tn 
tlieir  IfHgth,  th«y  will  bo  very  flexible,  which  will  permit  of  their 
being  assimilated  to  a  syatcm  artioulated  aa  above  mentioned.     1& 
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the  second  plnoe,  thesiagle  brace  A  A.'  may  be  BubJivideJ  inlo  Rev- 
era!  otters  inclitictl  like  it  in  the  same  cUj-ectioo  and  &t  equal  di»- 
taxtoes  ap&rt  so  as  to  occupy  the  apaoa  betwe«u  A  A'  and  B  B';  tho 
aaioe  tnuisforuiaLiuu  itay  be  bujiihisikI  inudu  with  rexprut  tu  the 
other  set  of  braces.  It  will  readilj  be  inferred  that  if  A  B  is  but  a 
sm&U  portion  of  the  eutiz»  dlstauces  between  the  supfiorta,  tbo 
second  trauhforiuatioa  will  have  but  a  slight  effect  on  the  comprefr 
aioni  and  tvoHtuus  of  the  horixontAl  beatnn ;  and  an  regards  the  braoea, 
compressed  between  anj  two  consecutive  parallel  one*  of  ths  6r*t 
BjBleD^  they  will  as  a  whole  produce  nbout  the  same  etTeots  as  the 
two  they  rophu-e;  aud  the  ftum  of  tlie  areaa  of  their  cro8S-«ectioti« 
ahoiild  therefore  be  the  same  as  that  of  the  two  they  replace. 

It  should  be  well  underBtood  that  in  thia  change  the  braces  of  the 
new  Eiyiitem  are  KuppoHC-d  to  bo  coiinv<.'ted  only  at  their  enda.  But 
ill  faut  they  aru  usualir  connected  wiiere  they  crom  each  other, 
which  ia  In  fuvor  of  thu  saft^ty  uf  the  Kjiiteni,  bat  aa  it  is  nofe  easy 
to  render  a  Katisfactory  acooiiut  of  tha  edbot  of  this  oomiectioD  it 
may  be  loft  out  of  consideration. 

The  method  given  iu  the  preceding  analysis  is  applii'ftble  to  the 
cases  H'bore  the  loud  ia  ajipliud  to  the  up|>er  chord,  aud  also  where 
it  is  applied  to  only  a  part  of  the  joints  (or  nodes)  of  the  lower  or 
upper  chord.  It  may  easily  be  shown  that  some  of  the  meniben 
of  tJie  webbing  wilt  be  strained  most  when  a  pa^t  of  the  iiuiform  loud 
is  removed,  but  the  strains  upon  the  horizontal  members  (chords) 
will  be  greatest  when  the  frame  is  fully  loaded.     In  the  figure 

V.  ». 


t 


L^L=  AC; 

10  s  the  weight  per  foot  of  length  of  the  beam  (or  of  the  dead 

load); 
w'  =  the  weight  per  fool  of  length  of  the  moving  or  live  load ; 
'  =  AB  =s  the  length  of  the  live  load; 
V,  a  the  upward  action  of  the  support  at  A; 
Y,  =3  the  upwar  J  action  of  the  support  at  B ; 
2  —  Ca  s  tho  distance  fronk  C ;  and 
S*  9  the  shearing  strem,  or  the  resultant  verti»l  force  at  Ani 

required  point. 
We  have  ^ 

n  -.1.  .         -r  "'** 
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If  DOW  we  rappose  that  the  kwd  eoctands  from  A  to  ^  th*  n^ 

{Ktrt  at  C  will  sustain 

w'xBa(»+iBa)  w'*- 

V,  = j^ +  ^„L+  — 

and  the  Tertical  force  at  a  will  be    ' 

which  evidently  exceeds  the  former  value  of  S«  and  henoo  the  Ttrr- 
tical  shcarinjEC  Btren-t  at  any  point  is  greatest  nliere  the  load  extends 
from  that  jxiint  to  the  support.  It  dow  remains  to  be  shown  that  it  is 
greatest  wlicn  it  extends  over  the  longer  aeginent. 

If  the  live  load  extends  from  A  to  a^  then  «  as  L  —  *  and  the 
ihearittg  stress  will  be 

If  the  live  load  extends  from  a  to  C,  the  shearing  flti-e—  at  m 
will  be, 

.  ■.  S«  —  S'«  =  —  i  (w'  +  3  w)  (L  —  a  x)  —  WB 

which  is  zei  o  for  2  =  ^  L ; 

negative  for  ar  <  ^  L ;  and 
positive  for  x  >  ^  L ; 

hence,  the  vertical  8/iearing  streta  at  any  point  for  an  uniform  ltV9 
locul  i«  greatest  wJien  tfie  longer  Begment  U  loaded  and  the  shorter  u 
unloaded. 

Reducing  the  preceding  value  of  Ss  gives 

S8  =  ~-^  +  wx  —  iwlj, 

which,  considered  as  the  equation  of  a  curve,  is  represented  hy  the 

annexed  figure.      The  ordinates  are   St, 

Ef.  .B      and  the  abscissa  is  x, 

j  \,  y^  If  a  live  load  were  placed    upon  the 

■      \.  >/  beam  and  extend  over  the  whole  length, 

.1^ n       and  the  beam  be  oonnidered  as   a    dead 

_^ D         ""'■"-,,,   ;         load,  and  the  live  load  move  off  without 

shock  in  the  direction  from  C  towards  A, 
then  will  the  onlinates  of  the  curve  DB  at  any  point  represent  the 
vertical  shearing  stress  when  the  rear  end  of  the  load  reaches  that 
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point.  The  curve  Utrough  E  roprescvits  the  luse  for  a  load  moving 
off  Id  the  opposite  direction. 

In  truitt-onclgas,  baviug  |)araUol  cliotds,  the  verticAl  khcftriug  ii 
Bu&tain«<l  by  the  inoUoed  ties  or  liraocs^and  hcnoo  thuy  ahould  indine 
oue  wuy  (either  from  or  towards)  from  0  to  D,  and  in  tho  oppojuto 
direction  from  A  to  wliei-e  the  ottier  curve  cuts  the  Uue  AC.  For 
B  oei-toiii  distance,  each  aidu  of  the  ceuire,  thoy  incline  both  vruys. 
In  the  case  of  lattioe-bridgOR,  or  Warren  girdera,  tlie  inclined  piecet 
which  conittitutd  the  ti«-bra«!s  ne*r  the  middle  of  the  truM  may  b« 
subjected  to  both  teu&ioD  and  oompreeKiou  under  thBaotiODofa 
moving  load. 

The  lav  of  strains  upon  the  chords  may  also  be  illustrated  by 
auuniiuj;  thai  the  strains  ore  oontinuaua  functions  of  tho  abadasBb 


Let  vf  =s  the  load  per  foot  of  lengtb ; 
W  =  the  total  load  on  the  bridgo ; 
H  s  the  strain  on  the  chords  at  any  point ; 
D  ss  tha  depth  of  the  truss ;  and 
x=zAB. 

Ikking  tlio  origin  of  momenta  at  B,  and  we  have 


^W«  — l^toz'csH.D  .-.  Hs 


2D        » 


which  is  the  equation  of  a  parabola. 

lu  the  case  of  trubs-bridgoa  the 
straias  upuD  the  chonis  do  not  cou- 
Btontly  vary,  but  aro  uniform  from 
one  joioi  (or  point  of  attacbtuent  of 
tho  ties)  to  the  next,  but  the  general 

law  of  change  is  the  same  for  all  trusses  having  iMrallel  chords  as 
that  attovo  illustrated.  For  analyses  of  panel  systems  see  Wood^s 
Treatisfi  on  Sridj/ea  and  Roofs. 

V.  Curved  Baanu.  By  a  curved  beam  will  he  understood  a  boam 
which  is  made  to  assume  any  corvilinear  form  in  the  direction  of  its 
length,  most  generally,  in  oases  of  practice,  either  tlmt  of  a  circiiUr 
or  a  parabolic  arc,  and  which  is  usml  to  resist  and  transmit  to  fixed 
poiata  of  support  the  strains  caused  by  the  exterior  forces  to  whiok 
It  amy  '  e  suKlected. 
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Id  conformitj  to  what  moot  geoerallj  obtains  in  prectico,  and  fin 
thti  grnater  sUuplificadon  of  che  uial^tical  ronilts,  such  a  bieaiu  will 
be  Ri)|ipoisod,  iKt,  to  bo  of  uniform  cri>f»«eotion  ;  2<j,  to  be  gcner- 
ftUtd  by  tlie  croas-seotioD  being  tuovud  BloQg  tiie  meaii  fibre  of  the 
betua,  wliioU  Is  assuuMxl  to  be  a  pUue  curve,  so  Uut  it  aludl  aiwuyi 
Iko  ill  a  pluuu  pvrpoutiicultir  tu  tliut  of  tke  mciui  fibre  audi  noniiul  to 
it,  Atul  liiive  ita  ceutre  of  gr»vity  on  lite  mean  Bbro;  3d,  thikt  tb« 
tliniru&iuuH  of  tbo  cross-Boctiou,  in  tbo  dii-uctiou  of  tbe  radius  uf 
ourvatui-e  of  the  ueau  fibrn,  shall  be  bui  a  wry  atoall  frootiun  of 
tliit  radius.  'Xhaut  cwuditio'iti  being  aaLiafietl,  any  very  siiiaI)  frao- 
tiunal  {Kirtion  of  tiie  beam,  conipriB^  butwocn  two  con&ocutivc  po- 
fiidoDB  of  the  gcaerating  crou-ewrtioo,  oiuy  be  regarded  aa  a  right 
prism,  cumposed  of  elemcuUu-y  fibrt«,  uacii  of  which  has  au  element 
of  the  cruas-HectioD  for  iu  baw;,  and  the  distauce  between  the  two 
oonaecutive  pUnes  for  it«  Uogth. 

A  uurved  bt«m,  as  above  dvfiiKHl,  when  subjected  to  the  action 
of  external  forces,  which,  for  greater  simplicity,  will  be  assumed  lu 
Acting  in  the  plane  of  the  mean  fibre,  may  give  me  to  three  distinct 
problems  uuunected  with  then  ftztemal  forcas. 

Ill  Lhi-  UrbL  phico,  all  the  exterDid  forces  ara  not  in  all  coses 
givoQ  ;  as  a  part  of  them  may  be  CMXuuuoDed  by  the  reactiona  cui;«ed 
by  the  fixml  points,  or  other  lueons  by  which  the  extremities  of  the 
bitRUi  ore  ke]>t  in  position,  and  tliia  reaction)  being  au  unknown 
force,  has  to  be  found,  as  a  preliminary  step  to  the  sulutiou  of  two 
other  j>robIems:  Tha  one  to  Cod  tbo  tensions  or  presoures  uu  the 
fibres  oaustMl  by  the  external  fi^rces ;  the  other  to  find  the  olumge 
of  form  in  the  beam  caused  by  the  same  forces. 

Prob.  1.  2  a  Jitid  th«  forces  of  reactittn  eauaad  by  tite  external 
J''aree$  (U  Ae  pointa  of  tupport  of  tke  curved  beam. 

With  the  conditir-ns  Rlifaily  laid  down,  to  further  simplify  the 
problem,  and  bring  it  within  what  usually  obtains  iu  practice  ;  tot 
na  suppoHH  the  curved  beam  to  be  symmetrical  with  n>8[>e<!t  to  a 
vertical  \ixu^  drawn  throngli  the  top  point  of  tlie  nteati  fibre;  that  it 
rests  at  itx  lowest  points  on  two  aup[)orts  which  ore  on  the  sama 
horUEoulal  lino  \  and  that  it  is  acted  upon  i-itbur  by  a  single  ver- 
tical force,  at  some  jx^nt 


w 


Jlffti?' 


'  1 


between  the  top  and  bot- 
tom ;  or  thut  it  is  itubjectLtl 
to  a  strain  arising  from  a 
weight  uniformly  diiilribti- 
teal  aloDg  a  hori2oul*U  line,. 
—I      untl     traDSmitted     to 

beam,  or  by  one  which  hT 
uniformly    distributed    di- 
rectly along  tbe  beam. 
Cdso  1.  Let  ACB,  Fiffi. 
U',  bo  the  curve  of  the  mean  fibre,  regarded  as  symmetrical  with 
respect  to  the  vertical  C  JJ,  resting  on  tlie  pointu  of  supiwirt  A,  Hj 
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OQ  thfl  B&me  horuontal  line  A.  B;  and  let  W  be  tl  o  vertical  font 
tctmg  OQ  it  at  the  poiob  K. 

Rttprcsent  hy  W'  and  W"  Uio  two  verticftl  coinponeDtD  of  ttie 
(oTCcs  of  rc&ctioi:  at  the  poiuta  A  and  6 ;  hy  Q'  and  Q  the  hori?>m- 
tal  com)ionciit8  of  the  Eaino  foroea ;  hy  2  a  Iba  chunl  A  B  uf  tho 
arc ;  by  d  the  arm  uf  lover  uf  W  with  reepect  to  the  point  A,  re- 
garded aa  tlte  centre  of  momeots. 

From  the  coDditions  of  Ktatical  e>qut1ibriiUD,  there  obtains 

Q'-Q  =  0. 

W  ^  w"  +  "W  =!  0. 

W"2a-W.d«0. 


Hara  we  hmve  hut  tbr^e  eqiiatinnn  and  four  unknown  qitrintittee. 
A  fourth  equation  may  be  obtained,  and  tho  problem  thti8  made 
detertninftt*^,  by  iiitrodnciDg  the  condition  that  the  points  of  sup- 
{Kjrt  bhall  rumniu  Bxed. 

To  exprewi  this  liutt  condition,  let  tis,  in  the  first  place,  conKider 
the  force  W  to  bo  replaced  by  ita  two  componontfl,  one  pcrpendicu- 
hu:  to  the  oioes'Sectioii  at  any  point,  as  K  for  example,  and  which 
will  produce  an  elongation  or  n  Bhort4?niug  of  the  GbreR,  eilher  by 
pxteosioD  or  by  compresfdon ;  the  other  by  a  conple,  the  moment 
of  which  may  be  exprewed  by  U,  aud  which  will  produce  like  ef- 
fi'Ctn  on  the  sajxw  by  bemlirig  the  beam.  The  effvct  of  tliew!  forces 
on  the  bewrn,  were  it  free  to  more  at  the  two  entU,  would  be  to 
ohanxe  the  leuf^th  of  the  chord  A  B  of  the  arc. 

Now,  iiKHiiming  the  Hnea  A  X  and  A  Y  ae  the  axes  of  cOK>rdi- 
tiates;  and  rexucoing  equatioas  (A)  and  (f);  the  fitat  of  which  (A.) 


EA' 


expresses  the  eloQgatbn  dtte  to  a  force  acting  parallel  to  the  meaa 

Gbrt* ;   and  Uie  fiecond  (I'} 

Wt  L 

•*  =  -eT- 

gives  the  angle  between  two  cousccutdve  normala  after  the  defleo- 


'  Sapporiag  the  point  D  to  inov«  through  the  mawU  angle  a,  around  B  m 
flx''d.  it  will  doRcribe  an  aro  B  M,  with  the  ra-  ( 

diuH  E  B.  which  will  be  expreiw-d  l>;  E  B  >  >•.  V 

Kdw  tho  huriaontol  and  vertjcai  ooniponvnta  of  L 

thU  molioQ,  coosideriiii;  the  mnall  arc  B  M  &a  a  ' 

light  tfuo,  arc  B  0  and  Jf  O.  But  u  the  Iriau- 
gics  K  F  B  aoA  B  0  U  aro  right  utglcd  and  HiuU- 
iiu  tL«re  oblatDH 


£B:FE  ::  BM:BO  = 


BUkFB 
E  B 


=  9 


b)  tohrtitnting  E  B  k  «  for  B  U,  and  y,  the  oidinate  of  the  point  E,  for  F  ■ 
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tion  caused  by  the  bending  forces ;  representing  hy  d  s  the  lengtb 
of  the  elementary  prism  along  the  mean  fibre,  we  obtain  from  Eq. 
(A),  Bobstituting  P  for  the  normal  component  of  all  the  forceSi  and 
for  L}  d  X,  the  projection  of  the  elementary  prism  on  the  axis  of  X, 

M  the  amount  by  which  the  portion  of  l^e  chord  dx  is  elongmted 
or  compressed.  Again,  from  Eq.  (I'),  substituting  M  for  Wz  the 
bending  moment,  with  respect  to  the  neutral  axis  at  E,  of  all  the 
deflecting  forces,  forming  a  couple,  acting  at  B,  and  d  t,  the  length 
of  the  elementary  prism,  for  L ;  and  noting  that  were  the  point  B 
free  to  move  around  the  neutral  axis  at  £,  that  the  horizontal  com- 
ponent of  its  motion  towards  A  would  be  found  by  multiplying  the 
angle  a.  by  the  ordinate  y  of  the  point  E,  or  j/  a,  there  obtains,  to 
express  this  change  of  length  of  cf  <  in  the  direction  B  A, 

Now  by  tiie  addition  of  the  expressions  (a']  and  (b'),  there  obtaini 
Md«.  y  ,    Vdx 


EI       '     EA 


,(o') 


to  express  the  total  elongation  or  compression  of  the  portion  of  the 
chord  corresponding  to  d  a.  Integrating  (c')  between  the  limits  0 
and  2  a  we  obtain 

/8o /My    dt        P  \  :,  „   ,„ 

to  express  the  fourth  equation,  containing  the  condition  that  the 
length  of  the  chord  shall  remain  unchanged. 

Now  in  £q.  (1),  M  is  the  moment  of  all  the  deflecting  forces. 


In  like  manner 

EB:FB::BM;MO=  ^^'^J  °  =  (o-g)a, 

bj  BobvAiinting  oa  a1x>Te  for  B  M,  and  (a  —  x),  the  absoiaBa  of  the  point  E, 
for  F  B. 

The  quantities  B  O  and  H  0  ore  evidentl;  the  amount  by  which  the  por- 
tion  F  B  of  tho  half  Bpan  and  that  P  B  of  the  rise  would  be  changed  wei« 
the  point  B  fiee  to  take  the  motion  assumed,  the  point  E  remaining  8sed. 
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known  and  unknown,  with  respect  to  the  point  E,  acting  at  B. 
Representing  hj  M'  the  moment  of  those  that  are  known,  and  h; 
Q  y  that  of  the  unknown,  there  ohtains 

M  =5  M'  -  Q  y.  (d') 

In  like  manner,  the  components  of  P  and  Q,  on  the  projection  of 

tiie  tangent  at  the  point  £,  may  be  represented  bj  P'  for  that  of 

d  X 
the  known  forces ;  and  by  Q  — —  for  Uie  unknown.     There  obtains 

therefore 

P  =  P'-Q^-(e') 

In  other  words,  M'  is  the  sum  of  the  moments,  with  respect  to  an  j 
point  E  of  the  mean  fibre,  the  ordinate  of  which  is  y,  of  all  the 
forces  which  act  from  this  point  to  the  point  B,  the  moment  of  Q 
not  being  considered ;  and,  in  like  manner,  I"  is  the  sum  of  the 
projections  of  the  same  forces  on  the  tangent  at  £,  Q  being  also 
here  left  out.  M'  and  P'  are  thus  immediately  functions  of  x  and 
easily  found  ;  the  only  unknown  quantities  in  M  and  P  being  the 
unknown  terms  W  and  Q ;  the  first  of  which  is  given  by  the  third 
of  the  equations  of  the  statical  equilibrium  of  the  forces.  Sulusti* 
tuting  the  values  of  M  and  P,  expressions  (d'),  (e'),  in  Eq.  (1),  and 
making  E  I  =  e,  and  E  A  :s  e,  there  obtains : 


2a 

*da!»0;  (2) 


/2a  ^2  a  /» 2  a 

}^±Li..^   /  t^'s.^  /  H 
<      (far  ^t/      >  dx  J        9 

0  0 

/2a 
111 
t     dM 

0 

/2a  /»2a 

0                                 0 
Q  = .    (8) 

/2a  /•2a 

v*dg^  I     Ida   ^ 

*  d»  ^       e  d» 


da 


■-'fi 


J 

^-'-*        "          ■              ^ 

*        ^                       * 

*Ut.09..ft'.  -..f 

•^       "^ 

-    X'—*  /   or   X   -a  J— 4  -^ 

%^fM      .'■•^..H 

-«., 

y».                              /W.K 

■*#«**■ 


r  » 

r 

—'<      /        '  --  =  T.        ,» 

ft/  f         i  • 

I 

J         its  J         m  •£  r 


Af/f.l-^^i'''''-  'if  'Jm  p^itKitiauj  £iim.  '4t  dui  ^tm  «^  • 
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C^  moan  jtbre  of  which  it  a  eirevlar  are,  one  whieh  u  acted  <m  bji 
a  vxight  W  applied  at  the  point  E. 

Case  1.  Let  A  C  B  (Fig.  E')  be  the  arc  of  mean  fibre,  supported 
at  the  points  A,  B,  and  acted  on  at  the  point  E  by  the  weight  W. 

Takmg  O  for  the  centre  of  the  curve,  let  D  Y,  D  X  be  tie  co  or- 
dinate axeB.     Biepresent  by 

2  a  =  A  B  the  chord  of  the  arc ; 

^  =  D  C  the  versed  edne,  or  rise ; 

p  =  O  B  the  radiua  of  the  arc ; 

a  the  angle  which  a  radius  O  I,  at  any  point  I,  makes  with  the 
axiflOY; 

^  the  angle  which  O  B  makes  with  O  Y ; 

6  the  particnlar  value  of  a  which  corresponds  to  the  point  E ; 


Fi^.E* 


■ X 


A  ',  (j,  W,  Q'  the  vertical  and  horizontal  components  of  the 
forces  of  reaction  at  the  points  B,  A. 

Using  the  same  notation  as  in  the  preceding  equations ;  there 
obtains  to  express  the  statical  conditions  of  equilibrium 

Q-Q'=,0 
W+W"— w  =  o 

W  p  (sin  *  +  sin  ^)  =  2  W'V  sin  ^ 

Kliminfttlng  W"  between  the  second  and  third  Eqs,  theie  obtain* ! 
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>?'  ana  W"  being  known  from  the  first  two  Eqs.  there  remaini 
only  Q  and  Q'  to  be  found.  To  find  these,  it  will  onlj  be  necessary 
to  Bubetitute  the  known  terms  in  these  Eqa.  in  £q.  (3)  to  find  Q. 
But  we  have  a  more  simple  and  neat  method  of  arriving  at  the 
same  result  by  supposing  an  equal  weight  W  to  act  at  the  point  G, 
symmetrical  with  respect  to  E,  and  the  coKirdinate  axis  Q  T,  and 
then  to  use  Eq.  (6)  to  find  the  value  of  Q.  Supposing  the  second 
equal  weight  W  to  be  applied  at  G,  and  that  the  horizontal  compo- 
Dent  of  the  new  reaction  to  be  represented  by  Q,  then,  l^  a  vevy 
simple  process  of  reasoning,  it  oan  be  shown,  that  the  rel&tion  ex- 
pressed by 

2Q  =  Q, 
will  obtain. 
Introducing  this  value  of  2  Q  in  Eq.  (6),  there  obtauw 


Q. (7) 


J       '  ds  ^       e  d  a 


^dx 


In  findiog  the  values  of  M'  and  F'  it  must  be  observed,  that^ 
after  the  application  of  the  second  weight  W,  the  vertical  compo- 
nents of  the  reactions  at  A  and  B  are  respectively  W. 

Now,  in  PAlculating  the  values  of  M'  and  P'  in  functions  of  the 
angle  a,  the  following  relations  obtain, 

Froma  =  Otoa  =  ^,  |  M' =  W  p  (sin  *  -  «n  ^, 

Froma  =  (?to«  =  ^    |F=^wSa"'^"*' 

also  y  s=  p  (cos  a  —  COB  fl>),  X  ^  p  mn  Oj  d  a  =  p  d  a,  d  X  ^  p  cos  a 
d  a ;  substituting  these  values  of  M',  P',  etc.,  in  Eq.  (7)*  and  ob- 

a, 
serving  that  p  =  - — -,  and  c  and  «  are  constants,  there  obtains  foi 
Bin  fp 

the  numerator  of  the  fraction, 


/(^^^-.•+?)-=¥(-*--'')/ 
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(co8  a  — 


0 
eoB  ^)  (2  a  +  -^^-^     /      J  siu  (^  —  sb  a)  (oob  a  —  oob  ^)  — '-j 


W  p*      /      ( ..         r* 


'6 


■1  siu  (^  —  sii 


Bia*  ^  sin  a  COB  a  I  d  a ; 
and  for  the  denominatOT, 


(OM  a  —  COS  ^)*  +  -f  nn'  ^ 


0  0 

00a*a  Ida 

Ferfonning  t^e  algebraic  operations  indicated  hy  the  STtnbols, 
and  integrating  the  resulting  monomials,  bj  well  known  rules,  (a) 
and  then  doubling  the  denominator  of  Qi,  the  value  of  Q  will  bs 
found.     This  value  can  be  placed  under  the  following  form : 

A  —  4  -;  sin*  ^  (sin  ■  ^  —  Bin*  ^ 

Q  =  W .(8), 

r' 
B  +  -7  sin*  ^  (^  +  sin  ^  OOB  ^} 

bj  making 

A.  =  J(sin*<i  —  Bin'^  +  oob^(co8  49  +  ddnd  —  oob^  — ^ain^), 
B  =  ^  +  2  ^  cos*  ^  —  3  sill  ^  oos  ^ 

Case  2,  Sorixontal  thrtut  caiaatd  by  ths  weight  of  the  ourved 
piece  itsdf,  or  by  a  weight  un^ormly  dietrihuted  over  a  portion  of 
%t8  length. 

(a)  For  the  Int^mls  y  sin  «  oos  a  d  a  ind  ^001*  ■  d  «  bm  OSvnft  t  CW 

MfiM,  Atta.  1»0, 191,  Fp.  960,  a6flL 
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Represent  by  10  the  weight  uniformly  distributod  oTer  niilty  of 
length  of  the  mean  fibre ;  by  d|  and  9,  the  limits  of  the  angles 
between  which  a  weight  ezpreued  by  u)  p  (4,  —  d,)  acts  ;  and  by  to 
pd6  the  weight  on  the  element  of  the  arc  comprised  between  6  and 
d  +  rfi. 

Now,  the  infinitely  small  horizontal  thrust  d  Q,  cauBed  hj  the 
weight  w  p  d  6  distributed  over  the  arc  pd  6^  will,  from  £q.  (8),  be 
expressed  by 

A  —  ^  —  Bin*  ^  (sin*  ^  -  sin*  4) 
dQ= wpd$,     <9) 

B  +  -J  sin'  ^  (^  +  sin  <t  cos  t^) 

Clearing  the  denominator,  Eq.  (9),  dividing  by  v>  p,  and  integratauf^, 
there  obtaina 

|^|B  +  ^Bin'0(*  +  8in*oo8^)|=      /    Ad^-^^ain*^ 

re,  f.) 

Restoring  the  preceding  value  of  A,  nerf'ormiiig  the  algebraic 
o]>erations  indicated  by  the  symbols,  and  integmting  the  several 
differential  monomials,  there  obtains, 

—  ■]  B  +  -r  sin*  <^  (0  +  wn  -^  cos  0)  [■  =  (I  sin*  ^  —  cob*  "^  —  rf 
V}p  I  a  ) 

sin  0  cos  <^  —  i) 

X  {hi  —  *i)  +  i  (si"  <i  COB  i,  —  ain  i,  cos  J,) 

+  2  cos  <^  (sin  5,  —  sin  Ji)  —  cos  <^  {(?,  cos  0,  —  4,  cos  C,) 

-  4  -f  sin'  0  I  (9,  -  «,)  (sin'  *  -  i)  +  J  sin  fl,  cos  ff,  -  J  sin  ft 

008  e,  I .  (10) 

(»)  For  the  inte^  |  9  sin  fit «  see  CAurcAU  CoJsufu*,  Ait  169,  p.  384. 
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By  making  C  =  i  —  4  cos'  ^  —  ^hjii^cob^  +  J^  — —  oob  «^ 

9 

andD  =  ^(sin**^  —  ^  +  ^  — ^  cos  0),  placing  them  in  the  pre.  ediug 
£q.,  and  then  obtaining  the  value  of  Q,  we  h&ve 


,r 


C  —  D—  sin*  A 

a* 

Q  =  2uj/>0 .  (11) 

B  +  -J  sin'  <p  {<t>  +  tamft  cos  <t>) 

for  the  horizontal  thrust  due  to  the  weight  of  the  curved  piece ;  and 
which  would  be  sensibly  the  same  in  form  were  a  weight  uniformly 
distributed  over  the  top  surface  of  the  piece  to  be  added  to  its  own 
weight. 

To  apply  this  formula  when  the  weight  of  the  entire  curved  piece 
ia  alone  considered,  we  should  have  to  substitute,  in  £q.  (10),  for 
w  the  weight  of  a  right  prism  having  the  same  cross-section  as  the 
piece,  and  one  foot,  if  the  foot  ia  the  unit  of  measure,  in  height,  and 
make  &,  ^  </>,  0,  =  —  tf,  at  the  same  time. 

C'eue  3.  A  toeighi  being  vnifimiily  distributed  along  the  chord  of 
tlie  arc,  or  over  a  horizynial  lia«  through  its  ercton^  and  tranamUted 
to  tfus  piece,  to  determine  tJte  Itorizantal  thrwt. 

In  tbis  case,  as  the  u)  correspODds  to  the  unit  in  length  measured 
along  the  horizontal,  the  elementary  arc  of  the  mean  fibre,  which 
has  for  its  length  pdd,  will  have  for  its  projection  on  the  horizontal, 
o  cos  fi  d  6^  and  it  will  sustain  a  weight  expressed  by  io  p  cos  C  d  C. 
Substituting  this  value  in  Eq.  (9)  there  obtains 

r* 
A  —  I  -J  sin'  0  (dn'  0  —  sin'  U) 

dQ  =  wpconBd^ — .    (12).     (c) 

B  +  — ,sin*<i»(0  +  sin  ^  COB  0) 

To  obtain  the  value  of  Q  between  any  two  limits,  $,  and  i9„  E^q. 
(12)  must  be  integrated  between  these  limits.  Perfoi-ming  the 
algebraical  operations  indicated  by  the  symbols,  and  integrating  each 
of  the  ditferential  monomials,  there  obtains, 


(0)  For  the  iDtegral/ Sain  Soot  0(10,  whlohooaais  in£q  (IS),  see  CAtcvA'l 
Cahului,  Art.  109,  p.  234,  and  Art  100,  p.  20S. 
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J*   3  B  +  -i  iin'  0  (0  +  nn  0  ooBtft)  i  =Ci  sin'  ^  —  cos'  ^  •— » 

w  p  (  a  J      _ 

^  cos  ^)  {Hin  Jj  —  Bin  <|)  —  -J  (ain'  6,  —  sin'  6,)  +  J  cos  ^  (^s  - 
+  -Jcos^  (d,  ein'd,  —  fl,Bm*<,)  +  Jcoe^  (sin  5,  cos  fl,  —  Bin  i,  « 

—  ^—  Bin*  ^  J  {edn  S|  —  sin  fl,)  iin*  ^  —  J  (Bin*  6,  —  BJn'  tf,)  t . 

By  making  6,  =  —  0,  i,  =r  (^,  and  substituting  -; — —    for  p, 

sin  A 

making  C  =  —  ^  +  ^  sin*  tft  +  ^  ~-    T  **"  ^  —  i  ^  ""*  ^  *'*^ 
there  obtains 

O'-i^Bin** 
Q  «  2  w  a .     (13) 

B  +  -J  sin*  0  (^  +  sin  ^  cos  0) 

for  the  value  of  the  horizontal  thrust  in  this  caae. 

Bj  ictroducmg  the  value  of  the  versed  sine,  or  rise  C  D,  ( 
E')  represented  by  f,  into  the  preceding  expressions,  and  by  si 
ble  developments  and  changes,  for  the  purpose  of  simplifying 
results,  the  details  of  which  cannot  be  entered  into  here,  it  ca] 
shown,  that,  when  the  rise  is  small  in  comparison  with  the  spai 

^  is  a  small  fraction,  the  resulting  values  of  Q  will  bo  appi 

mately  as  follows : 

When  the  load  is  uniformly  distributed  over  the  mean  fibre, 

3/', 


C^i;)' 


Q  =  "p*^I  -4r4.  1;(0 


8/' 
•ad  when  distributed  uniformly  over  the  chord,  or  span, 

8/* 


'-^&'" 


Now,  as  the  valu?  of  Q  in  the  case  of  a  suspension  system,  Ii 
ing  2  a  for  tho  span  and  /  for  the  rise,  in  which  the  weight  w, 
eacli  unit  oi  length,  is  uniformly  distributed  over  the  sjiau,  is 


wa' 


(»rawd  bj  Q  »  'q~7i  ^^  fellows,  from  the  preceding  value  of  Q^ 

that  it  is  len  in  a  rigid  than  in  a  flexible  systKin,  under  the  ttUM 
oircuiustancee. 

Prob.  2.  To  find  tJts  maximium  Umgitudinal  ttram  m  th»  unit 
of  itr«a  in  any  given  croaa-^ection. 

The  next  problem,  connected  vith  tbU  subject,  ia  to  find  the 
amount  of  t«usioQ  or  comproeHion  on  tbe  unit  of  Area  of  taxy  cross* 
section  of  the  piece,  biiviug  given  the  eztnuieoua  forces  to  vLlch  it 
is  subjected. 

In  the  solution  of  this  problem,  the  hypotheses  will  be  adopted  r 
1st,  that  the  ditstances  of  the  extreme  dbres  from  thu  horizontal 
liua  drawn  through  the  centre  of  gr&vity  of  the  crun-H^ictiuu  nro 
equal ;  2d,  that  thn  weight,  oompnsing  that  of  the  |>iece  itHelf^  is 
uuiformir  distrtbuU^d  with  roitpect  to  a  horizontal  line  drawn 
through  the  [loiuts  of  support ;  3d,  that  the  inaterial  is  boniogeu^ 
ous  thruughoutu 

Preserving  the  same  notations  as  in  the  preceditig  eases,  call  y 
the  distance  of  any  fibre  from  the  horizontal  through  the  ceutre  oi 
pmviir  of  rhc  section  oon-4i<lpred ;  ■*■  \K  and  —  i  A  the  distances  of  the 
oxirviiiu  tilirea  fmni  lite  smiif!  pnitit. 

As  shown  in  wUnt  precvdes,  all  tho  oxtraiiuaua  force,  In*  which 
any  cross^scciiou  Vi  strninL'd,  can  bo  ruducitl  to  one  P  acting  in  tlie 
plane  of  tlio  mean  fibre  and  per|>eudicular  to  the  cross-eeotiou ; 
and  to  a  couple  the  moment  of  which  ia  reprmuutud  gtmurally  by 
AL     Mow  from  Eqa.  (A)  and  (K)  §  I  we  have  to  expreiw  the  stimin 

P        P  E  . 

on  the  unit  of  area,  arising  from  the  force  P,  -j ,  or ,  subetitnt- 

J^  s 

ing  «  for  E  A  ;  and  for  the  strain  on  the  unit  of  area,  at  the  dis* 
taiu>e  y  from  Uie  neutral  aicia,  substitutiug  in  Kq.  (K)  U  fur  W  s, 
uhI  c  for  I,  there  obtains,  to  ex|ires8  this  strain, 

MEy 


Begarding  the  normal  component  P  as  positive,  ii«  valuo  as  b» 
lore  determined  will  be  expressed  by  the  otjuation, 

P  ss  —  Q  COB  a  —  w  p  sin'  a  ; 

and  tho  moment  Tii.  by  the  equation 

M  s  4^  »  p*  (mn*  tp  —  sin'  a)  —  Q  p  (cos  a  —  ooe  ^). 

The  value  of  P,  ss  here  given,  being  sasundHlly  negative,  the 

P  E 

strain  on  tlie  unit  of  surface,  expressed  by ,  will  be  one  of  com 
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preasion.     As  to  the  expression  -,  which  may  be  either  post 

tive  or  negative,  it  may  give  strains  either  of  tension  or  compre» 
sion,  as  points  on  one  or  the  other  side  of  tiie  neutral  axis  are  taken  : 
the  points  strained  may  be  either  on  the  concave  or  convex  face 
of  ihe  curved  piece,  as  M  is  taken  positive  or  negative. 

As  the  strains  due  to  F  and  the  couple  M  are  supeipoeed,  there 
will  be  a  strain  on  the  unit  of  area  at  the  distance  y,  the  absolute 
value  of  which  will  be  expressed  by 

PE       MEy 
___  ±_-— J 

and  when  M  produces  a  pressure,  the  sign  of  the  second  term  of 
the  preceding  exprension  should  be  so  taken  as  to  add  the  two  tenna 
together.  But,  for  the  points,  where  M,  acting  alone,  would  pro- 
duce a  t4ineion,  their  difference  should  be  taken. 

Now  of  the  different  values  of  this  algebraic  sum  of  the  super- 
posed forces,  which  vary  with  the  angle  a,  or  the  assumed  position 
of  the  cross-section,  that  one  is  the  important  one  which  gives  the 
greatest  cross-strain  on  the  unit  of  area  at  that  point  in  which  thia 
strain  is  greatest  in  each  cross-section,  or  the  value  of  y  corre- 
sponding to  -f-  —  and  —  r-. 

Before  proceodiug  to  find  this  greatest  value  of  the  strain  in 
question,  it  will  be  necessary  to  ascertain  which  of  the  two  signs 

of  sliould  bo  taken,  as  respects  the  position  of  the  cross- 
section  considered.  For  this  purpose,  taking  the  value  of  M, 
which  is 

M  =  —  Q  p  (cos  a  —  cos  0)  +  W  p  (sin  ^  —  sin  a)  —  ^vtp'  (ain  <^ 

—  sin  a)*, 

making  Q  —  n pwa,  n  being  a  number  to  be  calculated,  and  re- 
calling that  W  =  tap  Bia<f>  —  toa,  and  s'ibstituting  these  values 
of  Q  and  W  in  the  preceding  expressions,  there  obtains 

M  =  ^  «j  /)'  (sin*  ip  —  sin*  a)  —  2nwp*  aji<f>  (cos  a  —  cos  <t>)  ; 

and  as  sin*  0  —  sin*  a  =  cos*  o  —  cos*  i^,  there  further  obtains, 

M  =  ^  10  p*  (cos  a  —  cos  ift)  (cos  a  +  cos  0  —  4  n  siu  ^). 

This  expression  reduces  to  zero  for  oc  =  0,  as  was  to  be  expected, 
since  the  reactions  of  the  support  were  supposed  to  be  taken  at  the 
centres  of  elasticity  of  the  extrame  sections ;  it  also  reduces  to  zero 
for 
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OM  a  =  4  n  sin  ^  —  cos  <f>  =  cos  a, ; 

but  this  sohttion  is  true  for  ft  point  of  the  mean  fibre  only  if  tha 
angle  a„  determined  by  the  above  equation,  is  real  and  less  than  ^ 
The  two  conditions  must  then  be  imposed,  viz. : 

4nsin0  —  cos0<l 
4nBin^  — co8^>oos^ 

From  the  first  we  find 

4nsin0<l+oos^ 

I  +  C086  1 

»  <  —7-: — ~  or  n  < 


4  sin  ^ 


4tan^0' 


n  must  then  be  less  than 
it  has  been  shown  that 

and»  consequently, 


1 


4tan4<^ 


,  which  is  always  the  oasej  tot 


Q< 


Q  a  1 

<  T-^  orn  < 


2toa     4/* 


4tanf0' 


The  second  condition  remains  now  to  be  considered.     It  may  be 
written 

n>  I  cot  ^ 

Taking  n  greater  than  ^  cot  ^ 
the  moment  M  will  become  zero  at 
some  point,  as  H  (Fig.  F'),  cor- 
responding to  an  angle  a,,  com- 
prised between  0  and  ^,  that  is, 
the  curve  B  I  F,  the  locus  of  the 
centres  of  pressure  in  the  consecu- 
tive sections,  will  hare  two  points, 
B  and  H,  in  common  with  the 
mean  fibre  CAB.  This  being  so, 
M  will  be  positive  between  a  =  0 
and  a  =  a„  whilst  it  will  be  nega- 
tive between  a  =  a,  and  a  =  ^; 
for  the  factor  cos  a  —  cos  tft  —  4 
n  sin  0,  which  gives  its  sign  to  H, 
decreases  when  a  increases ;  then, 
sin^e  this  factor  is  zero  for  a  =  a„ 
it  is  positive  for  all  smaller  values 
of  a,  and  negative  for  all  greater. 
The  formula  giving  the  maximum  pressure  at  any  givBn  section 
nill  be: 


<10 

from  a  =Otoa  =  «,...,  9  =  — {— P  +  -m^p 

from  a=([,toa=:^.  .  .  .  y'=— (—  P  —  -»pl- 

U,  on  the  cmtTkiy,  »  <  ^  oot  ^  it  wonM  mean  that,  eren  fiir 
0  =  1^,  M  wtntid  still  be  pontiTe,  tnd  oonaeonently  that  it  would 
1m  no  thrr/tij^ioat  th«  arc.  We  would  011I7  bare  to  exAmme  tb« 
•xpTtTwion 

E,      „      MA\ 

It  in  Mfi/  to  itee  in  these  two  cases  the  position  oecopied  hy  the 
carve  of  prmirare.  In  fact  H  is  onlj  the  moment  of  the  force  P 
ap|>lied  t/i  thn  centre  of  preasnre,  referred  to  the  centre  of  elasticitj 
in  thn  sainf)  M^ioo.  Then,  from  the  known  direction  of  P  and  the 
pofritivfl  direction  taken  for  M,  we  roaj  oonclude  that  if  M  >  0, 
the  ciirve  of  pressure  lies  above  the  mean  fibres  and  below  if 
M  <  0, 

AVn  can  now  consider  the  principal  question.  There  are  two 
easoH  to  be  (Uxtinguifihed,  when  n>  \  cot  ^,  and  when  n  <  ^  cot  ^  ; 
fur  it  liftN  been  Hhown  that  the  maximum  pressure  in  a  given  section 
In  goiicmlljr  diflerentty  expressed  in  paBsing  from  one  to  the  other 
of  these  oases. 

Tho  maximum  pressure  in  a  given  section  is  expressed,  then,  bjr 
the  following  formulas: 

E  M  A\ 

In  the  portion  C  H  of  the  piece  (Fig.  F') ;  J  =  -  {—  P  +  -^r-A, 

In  th«  iwrtion  H  B        .        .        .         ?'  =  -{-P-y^). 

KubKtituting  for  F  and  M  their  vatnes,  in  terms  of  a,  arranging 
th(^  tonim  OH  rvfipfiCtB  tho  cos  «,  and  placing  1  —  cos*  a  and  1  — 
00s'  •/!  f'jr  tin*  1  lud  sin  '  <^,  there  obtuns : 

_«  pE^r(  -  1  +  l^)co«*«-  (-  1  +  2^)2nBin*oo.«-| 

*     L    +  1  +  i  ^  cos  ^  (4  n  sin  *  —  ooB  0)  J 

.,pK  r-  (1  +  i^)  cob'«  +  (1  +  J^J)2»sin0eoi«-| 

L=  1—  i^ooi0(4nrin^— oo«^)  J 

The  greatest  of  the  maxima  of  theae  two  expreauons  muat  be 
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olitAued  when  ot  varuM  fx^twoen  the  Umitii  m  which  they  are  Appli- 
oable,  vij.,  betwepo  0  and  «i  for  Uia  first,  and  a,  Biid  ^  for  the  second. 
To  this  end  (Fig.  F'J  it  may  be  remarked  in  the  first  place  that  U 
f  aud  /  'ire  reprvsenkHl  Uy  the  ordinates  of  two  currm  of  which 
the  uorrosjiunding  valnns  of  tho  coii  a  are  the  abscissas,  all  the 
ordiniiC»ii  will  be  positive  within  the  above  liinita.  Moreover,  tlieae 
oiirves  will  be  paraholAs:  the  one  belonging  to  q  having  its  cuu- 
cavitT    upperinoflU   the   otiier    lowenuoeU       This  u  eatMlj-   seen,  by 

recalliug  that  f*  <  -i  ;  wht-ncei  ~  >^.  On  the  irthcr  liand,  av 
h  can  be  but  a  rjnall  fraotioQ  of  p^  i^  fbllowi  that  r 1  >   and   still 

mure  \  -j^  —  1  are  poadtlve  quantities.      Hcnco  the  CMtfficiont  of 

cos*  a  ia  i)ositive  in  the  first  equation,  and  negative  in  the  second ; 
therefore  the  two  parabolaa  should  have  the  ubove-montioaod  [Kwi- 
tion. 

From  this  position,  it  can  be  at  once  seen  that  the  greatest  value 
of  q  should  belong  to  one  of  the  UmLt«  «  =  0  or  a  ==  —  «!.  The 
first  wiU  give 

q^  »  -^E  J  Snsin^  +i^no^r8tn<^  —  4n(l  —  coa  ^H  I, 

1         ■  -J,—  .'—«>■*_.       ,^ 

or  ewe,  smoe  p  sm  9  =  «  and : — tan  4  9, 

'  Bin  9 

?.=   ^E[3n  +  i-^(l-4i»tanJ«)].(l) 

As  to  the  value  belonging  to  a  =  «,  or  to  the  point  H,  it  cannot 
be  conHtdered  here,  for  it  will  be  found  among  the  valuua  of  g' ;  the 
point  H  belongs  as  much  to  the  portion  B  li  as  the  portion  0  H  of 
the  nicAn  fibre. 

The  parabola  belonging  to  q'  turning  ita  concavity  to  the  axis  of 
r,  and  having  its  ordinates  paiitive,  it  ia  plain  that  the  horizciiiW 
tangent  will  give  the  maximum,  if  it  belongs  to  a  value  of  cos  a  be- 
tween thu  limits  cos  a,  ami  coa  4>:  the  maximum  must  belong  to 
one  of  these  Itmito.  Let  us  sook  the  cuudition  for  the  first  hypo- 
thesis. For  this,  let  «,  be  the  angle  a  belonging  to  the  horizimlal 
tangent  in  question:  this  angle  must  satiafy  the  equation 


d<t 


<^ooaa 


-(1  +  1  ^)«««.  +  <l  +i^)nnt*=0 
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ooa  o,  +  n  am  ^  — —^ ' 

This  value  will  be  true  for 

008  a,  <  COB  a,  and  cos  a,  >  ooa  ^ 
that  is,  substituting  for  oob  Of  and  cos  a,  their  valueo, 

n  sin  0 <  4  n  nni^  —  ooa^ 

i  +  i'4 

n  sin  <^ >  cos  ^ 

OoUecting  in  the  first  inequality  the  terms  containing  n,  it  beoonMt 

n  sin  ^ >  cos  tft, 

and,  thus  written,  it  is  an  evident  conseqneuce  of  the  second.     Hw 
latter  gives 


n  >  ^  cot  0 
or 


ah\  (2) 
2sin0  +  -;5-y 

The  first  principal  case  ia  characterized  bj  the  relatioD  n  >  ^  oot 
0 ;  but  this  inequality  does  not  necessarily  involve  inequality  (2), 
because  ^  cot  0  is  there  multiplied  by  a  factor  greater  than  1.  Tbia 
case  must  then  be  divided  into  two  secondary  cases. 
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IflL  The  oondiiion  Mpnuad  bj/  inegualitj/  (3)  u  tatitjled.  Tha 
taaximum  pressure  on  uie  portioii  H  B  then  belongs  to  a  —  a,.  It 
ia  found  bj  the  substitntion  of  cos  a,  in  the  general  expresalon  for 

(' ;  but  to  avoid  a  complicated  calculation,  —^  being  quite  a  luge 

cumber,  the  value  of  cos  a„ 

008  a,  =  n  Bin  ^  , 

1  +  *^ 

will  differ  little  from  2  n  sin  0,  beeauee  there  is  no  great  error  in 
suppressing  the  term  1  in  the  numerator  and  denominator  of  the 
fraction.  Besides,  when  near  a  maximum,  ve  can,  without  sensible 
alteration,  take  the  value  of  the  function  corresponding  to  a  value 
of  the  variable  that  ia  near  the*  one  giving  the  mazim'jm.  Sub- 
stituting 2  n  sin  ^  for  cos  a  in  the  expression  for  ^,  and  making 

a  =  -:— 7,  we  will  find  for  the  value  of  cf,  of  the  maximTim  in 
8U19 

question 

2d.  The  ineqtuUity  (2)  w  not  tatiajied.  Under  this  supposition, 
the  parabola  belonging  to  ^  has  not,  in  the  portion  eonsidored,  a 
horizontal  tangent,  l^e  maximum,  in  this  portion,  belongs  then 
to  one  of  the  two  limits  a  =  a,  or  a  =  0.  Cos  a,  is  known  from  the 
equation 

oosa,sinsin^  — oos^ 

Substituting  successivelj  this  value  and  cos  ^  in  ^,  which  here 
reduces  to *-  because  M  reduces  to  zero  at  the  limits  in  ques- 
tion, we  finil  two  resnlts, 

q'  =  ^E  [Bnsin^cos^—  (8 n' —  1)  sin* ^J 

s    —  E[6ncoB^-(8n*- l)sin*], 
f  a  '  —  E  (2  n  cos  (^  +  sin  ^).     .     .     .     .     (4) 
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It  is  easy  to  we  that  ^„  the  value  belonging  to  oos  a  »  am  ^  ii 
greater  than  ^„  for  by  subtractlaa 

^,  —  ^, Bs4n  —  E  {2  nan.<ft  —  oo« ^). 

Besides, in  the  present  case, we  have n>  ^  oot (f> and, conaeqnentlj, 
2  n  sin  0  >  cos  0,  which  proves  the  enunciation.  In  tbe  aecond 
subdivision  of  the  first  principal  case,  the  m&iinmm  pressure  on 
the  part  H  B,  is  at  the  point  B,  and  is  given  by  formula  (4). 

In  whichever  of  the  two  subdivisions  it  is  found,  we  miut  always, 
to  obtain  the  greatest  maximum  sought,  take  the  maximum  in  thr 
portion  C  H,  then  in  the  portion  H  B,  and  choose  the  greater 
The  preceding  discussion  on  the  first  principal  case  may  be  tbw 
summed  up : 

When  n  {(he  ratio  of  the  thrust  to  the  entire  weight  of  the  tfpan) 
ie  greater  than  t!ie  limit  indicated  by  inequality  (2),  the  maximum 
pressure  toiU  be  the  greater  of  the  two  values  given  by  the  fortnultu 
(1)  and  (3),  thejirat  ofwhiat  belongs  to  the  exlradoa  tU  the  top^  €tnd 
the  second  to  the  intrados,  at  a  point  taken  on  the  arc  between  the 
^ringing  lines  .4,  B  arid  the  crown  C, 

When  n  is  included  between  the  c^ove  limit  and  ^  cot  0,  100  mutt 
in  the  preceding  rule  tuhstitute  formula  (4)  for  (3),  which  gveet  the 
tnonnmum  ^estwre  at  the  Joint  of  the  tpringmg  linet. 

Maaeimum  prestvre  when  n  <  ^  cot  0.  In  this  case  we  have  only 
to  consider  the  expression 

B,     ^       MA 


B,     ^       MA\ 


the  maximum  for  which  is  to  be  found  for  a  varying  from  0  to  0. 
This  expression  is  identical  with  that  for  q  already  used ;  if  then 
the  corrbBponding  parabola  be  considered,  we  must  conclude  that 
the  maximum  for  this  expression  miitit  necessarily  belong  to  one  of 
the  limits  of  a.  Besides  a  =  0  gives  formula  (1) ;  a  =  0  gives  for- 
mula M),  for  M  boing  zero,  q  and  q'  become  equal.  Ilence  tJie 
greater  of  tlio  two  values  given  by  these  formulas  must  be  taken. 
Consequently  Oiere  is  no  difference  between  the  second  principal  case 
and  the  second  subdivision  of  the  first  case, 

Tho  only  cases  to  be  distinguished  are,  then,  n  greater  and  n 
smaller  than  the  limit  given  by  foimula  (2) :  the  first  requiring  the 
use  of  formulas  {1)  and  (3),  the  second  that  of  formulas  (3)  and  (4). 

In  the  preceding  discussionB,  as  tbe  material  in  considered  homo* 
geneouB  throughout  the  cross-section,  e  is  only  the  sum  of  the  pro- 
ducts of  the  superficial  elements  by  the  coefficient  of  longitudinal 
elasticity  E,  or  £  A,  (dc:e  £  does  not  change  &om  one  fibre  to 
another;  hence 
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eu 


Prob.  3.  To  find  ike  ehanga  in  ih»  vvmd  nrvt^  or  riUj  C  D,  (Fig 
B'),  of  tA«  c«nM  of  ths  mtan  Jibn  from  th$  action  of  tfu  atiantout 

Having  determined,  bjr  tlio  proeoding  calculations,  the  valwes  of 
all  tbQ  extraueoua  forces,  the  change  ia  the  dimeusionn  of  ibo  risu 
of  the  arch  nan  be  foand,  and  tha  now  renuuuiag  problem  i-^ulting 
irova  their  action  be  solved. 

C<u«  I.  Let  the  beam,  in  the  firut  place,  be  tAkeu  as  subjected  to 
a  strain  omiug  from  a  weight  tuiiformljr  dialribut«d  along  the  mean 
filtre.  Thft  nctinn  nf  thin  waight,  suppoiiing  the  extremities  of  the 
curve  at  A  and  B  to  bo  fixed,  would  be  to  press  tha  crown  at 
C  downwards,  and  thus  change  the  length  of  the  rise  0  D  ;  or,  sup- 
posing UiH  curve  to  ht*  Gnnly  GxeU  at  0  and  to  be  left  free  at  B,  to 
change  thu  position  of  B  vertically  in  relation  to  C.  The  amuunt 
of  tluH  vertical  change  in  the  position  of  B  is  given  for  any  ^oiat 
from  B  to  C  iu  the  foot-iiole  to  p.  597-3,  and  is  equal  to  (a  —  7)  a: 
in  which,  according  to  the  notation  used  in  the  preceding  pri)bltima, 
a  is  th<i  infinitely  souUl  angle  between  two  consecutive  nonnata,  and 
{a  —  ;r)  is  the  absoiBsa  of  the  point  considered ;  D  Y  and  D  X  iMing 
the  axes  of  co-ordinates. 

Resuming  the  Eqa.  (K)  and  (A),  and  representing  by  ^f  the 
change  in  length  of  the  rise,  there  will  obtain,  to  express  this 
quauLity, 

0  0 


P£y 


cte.    (X') 


Nov  M,  as  in  the  preceding  propoxitjons,  represents  the  snm  of 
the  moments  of  all  the  extraneoos  forces,  including  those  of  the  re- 
actjons  at  the  pointn  of  support ;  and  P  the  sum  of  tho  oompoaents 
of  the  sume  forces  peqwudicular  to  the  plane  of  the  joint  considered  ; 
or,  in  other  words,  tlie  anm  of  the  projectiona  of  these  forces  on  the 
tangmtt  to  the  mean  fibre  at  the  point  whose  abscissa  is  (x  —  a), 
and  unlinate  y. 

As  in  the  preceding  propoeittoos,  so  all  tho  variables  in  the  pre- 
eeding  expression  (X')  '<nll  be  expressed  in  that  of  one  alone, 
whioli  is  that  of  a,  the  angle  that  any  assumed  railius  O  t  makns 
nth  the  axis  O  Y. 

Denoting,  as  before,  by  0,  the  value  of  a  for  any  joint  O  E ;  aad 
tiy  w  thv  weight  of  the  load  uniformly  distributed  over  A  0  D  for 
■a}h  unit  of  length  of  the  curve,  there  will  obtain  : 
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w  p  d6,  to  express  the  weight  on  the  element ^  d0i 
V  p  <f>f  for  the  vertical  reaction  at  the  point  B ; 
Wf)<^  (psin^— psina)  =  w/>*^  (sin  <p  —  sin  a),  for  tho  nuimfliil 
of  tne  reaction  due  to  the  veight  of  the  portion  I  B  of  the  an ; 

* 

—  /  vpdd(psind  —  p  mxL  a),  for  the  moment  of  the  weigh* 
a 

of  the  portion  I  B; 

—  Q  (p  COS  a  —  f>  cos  ^),  for  the  moment  of  the  horixontal  reao- 
tion  at  B ; 

Therefore,  there  obioinB,  to  express  H, 

M  =  —  /   w  p*  (sin  6  --tma)  dd  +  w  />•  ^  (wn  ^  —  sin  a)  —  <J  ^ 

a 

(cos  a  —  ooB  ^). 

In  like  manner,  there  obtains, 

F  =  —  Q  cos  a  —  w  p  ip  mi.a  +  w  p  (4>  —  a)sina. 

By  reduction,  M  and  P  become  respectiTely 

M  =  —  10  p*  (cos  a  —  co8^+  asina  —  ^sin^)  —  Q/)  (fxw  m 
—  CO8  0); 

P=s  —  Qcosa  —  IB  p  a  sin  a. 

Not  expresiiing  *,  y,  d  »  &Cf  in  terms  of  a,  there  obtains 

a  =  f.  aina,  y  =  p  (cos  a  —  cos0),  rfj!  =  pco8a<fa,dy^  ^ 
fl  sin  a  d  a, 

cf«  =  p^a,  a  =  DB  =  psin^ 

Substituting  these  values  iu  Eq.  (X'),  there  obtains, 

—  A  /  =  —~-  I   (sin  a  —  sin  0)  (oos  a  —  oos  <f>  +  a  sin  a  —  ^ 

0 

sin  ^)  (2  a 

t* 
+  -^-^  /    (sin  a  —  sin  ^)  (oos  et  —  cos  ^)  d  a 

0 

w  p*  /*  Qp  /* 

H ^  /  a  sin*  a  da  +  —  /  sinaoosado, 

0  0 

From  the  reductions  required  in  the  algebraic  operations  of 
the  preceding  propositions,  all  the  differential  monomials  in  the 
foregoing   value    of  —  A .     can    be    readily  integrated,    except 
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/  a  siu*  ad  Of  (*),  which  beoomes  bj  int^atum, 

0 

—  ^asiiiaoosa+  J  sin'  a  +  ^  «'. 

Performing  then  the  algebraical  operations  indicated,  there  ob 
tains, 

—  A/ ~  —{—  2 ■"^* ^"^  ^^8in^oo80+  1— OOS0  —  ^sin^ 

+  «'8in'^  +  |^») 

Qp'/3      .  \ 

— I  =  sill"  ^  —  ^  sin  ^  cos  ^  +  GOB  0  4- 1 1 

+  ^(-2^Bin*ooB*+Bin'0+^*j+|^Bin'^,     (x) 

When  the  arc  0  is  small,  which  is  usually  the  case  within  th« 
ordinarj  limits  of  practice,  the  preceding  expression,  by  suitable 
reductions,  the  details  of  which  cannot  be  entered  into  here,  re- 
duces to 


-A/  = 

-/i  J. 

8/*, 


Although  the  preceding  expression  has  been  constructed  under 

the  supposition  that  <f>  is  quite  small,  and  the  arch  very  flat,  in 

2/ 
which  case  4>  p  =ctt  "^^^  ^  —  2  tan  i^=  -^,  it  will  still  give  ap< 

proximate   values   of  no   very   considerable   errors  when  ^  =  -, 

2 

in  which  case^  =  a  =  p,  and  the  preceding  expression  becomes 

Case  2.  To  find  the  change$  in  the  verted  tine  of  the  curve  tohen 
the  weightf  or  loadt  is  uniforrrUj/  diatributed  ovar  uie  chord,  or  apan 
of  the  atrve. 

In  this  cose,  as  tbe  weight  is  uniformly  distributed  along  the 

■ . ^ 

(*)  For  this  utMTstion  see  Chnzoh's  Caleidui,  art.  160,  p.  384,  and  art 
190,  p.  261 
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Kpan,  caning  t/  the  weight  on  the  unit  of  leLgth  of  tb«  MpaMk,  Aal 
ou  any  portion  of  it^  dmoted  bj  I,  tatd  which  acts  perpeDdicalar  tc 
it,  wiU  be  1/  ^ 

Adopting  the  same  notation,  only  i-l^anging  w  into  «',  •■  in  th^ 
yncodiDg  caae,  there  obtains, 

—  ^u/p'  {mxL  0  —  sin  «)*, 

for  the  moment  of  the  portion  of  the  weight  diBtribnted  orer  tlwt 
portion  of  the  arc  which  corresponds  to  I B ;  u/  p*  sin  0  (sin  ^  — 
■in  a),  for  the  uioment  of  the  vertical  reaction  at  B ; 

—  Q  p  (cos  a  —  cos  <f>),  for  the  moment  of  the  horizontal  reaction 
at  the  point  B. 

Therefore,  to  express  M,  there  obtdiins, 

M  B  —  ^  «'  f>*  (sin  ^  —  sin  a)*  +  u/  p*  sin  ^  (sin  ^  —  sin  a)  —  Q  ^ 
(cos  a  —  coa  0) ; 

in  which  expression  that  value  of  Q  (Eq.  f')  which  has  been  found 
for  the  horizuutal  thrust  when  the  weight  is  uniformly  distributed 
along  the  Hpan  must  be  here  taken. 

Substituting  in  Eq.  (X'),  and  going  through  a  series  of  opera> 
tiont  and  reductions  in  all  respects  analogous  to  the  preceding 
ease,  there  obtains, 

From  calculations  made  of  the  exact  values  of  A  ^  for  —  and  —, 
it  has  been  found,  that  the  one  given  by  the  preceding  expression 

IT  tt 

(y')  will  be  very  nearly  exact  for  j ;  but  that  for  -  the  result  will 

be  noticeably  too  groat,  but  still  will  not  increase  A  f  more  than 
40  pur  cent,  of  its  true  value. 

Table  of  the  average  values  of  the  Modtdi  S  and  G, 

Average  values  for  £,  the  modulua  or  coefficient  of  longitutUnw 
elasticity  for  some  of  the  more  common  building  materials. 

Cast-irnn  E  =  17,000,000  lbs.  per  square  inoK 

Wroughi-iron  bfii-B  and  bolts..  29,000,000"      "         "         ** 

Wrought-iron  wire 26,300,000  «      "        '«        « 

Steelbars 31,600,000"      "         *i        « 

Pine  timber 1,600,000"      "         "         " 

Oak  timber 1,700,000"      «         «         » 
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kvettLge  values  of  G,  the  modnliu  or  coefficient  of  lateral  elasticity, 

nast-iron O  =  2,850,000  lbs.  per  square  inch. 

Wrought-iron 9,000,000  "      "         "         « 

Pine  timber 89,000  «      "         "         " 

Oak  timber 82,000  "      «        "        « 

For  fuller  derelopmaDtB  of  the  Bubjeot  of  this  Not«,  aae  MoMley :  Jr«Am^ 
ool  Prineiptet  of  EngiaeeHiui  and  Anhite^MM.  Nnvier:  Ooart  de  Jttc^ 
■UftM  ^ppUgutt.    BnHe :  Coun  dt  Micanique  J^ppUguU. 
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"      aettling      of.      precantlooa       V 
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^^^H           AUojni  for  pnwerriiie  iroD,  90 
^^H           Amorican  bridgva,  So7 

Etmm  on  unit  of,  034               ^^H 

ArniM,  48                                           ^^1 

^^H                           iroD  brid^M,  836 

AiyilUoftooa  aanda,  48                         ^^| 

^H                           woodmi  bridns,  S£4 
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8tonea.8                            ^^M 
AiUfloliil  hjdranXo  tfaofla,  41               ^H 

^^H                          of  puBoUua,  eta,  43 
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^^H          Analysis    of   Chittenongo  hjdmalio 
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Aaphaltio  roodiirafs,  ate. ,  427               ^^| 

^^^^^P                        atone,  30 

paTemcnta,  481                      ^^| 

^^^^^                   Ot  UUter  Coontj  hTdnaUo 
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^^^B                                limeatoQe,  2t 

Attritioiir  toBistanoe  of  stone  to,  18          1 

^^H          Angle  of  dafloottoo  of  nu'U,  437 

^^M 

^H               "    ofnrpoae.  407 

^^H 

^^H           Annnlar  arch,  SSO 
^^H           Appendix,  645 

BACSntD,  in  otaAonrjr,  171                   ^^H 

Backa,  in  luaaoDir.  174                         ^^H 

^^H            Approaches  of  a  bridge,  800 

Bailaai,  advantago  of.  445                    ^^^| 

^^M           Aqueduct,  370 

■■       for  railroad.  4»4                      ^H 

^^B                            bridge,  379 

Baltimore  and  Ohio  R.  It.  graile,  488  ^^| 

^^^^B                    of  F^taineUean,  187 
^^^V                      Fotoraao.  S«8, 909,  819 

Banda,  llBXible,fortDoUDedplaiiea,Uf  ^^| 

Banks,  protecting,  of  riren,  490                 | 

Badow,  expcrimonte  on  wroaght  iiui,        1 

^^^f          AqwdnMa,  oaiuU,  488 

164                                             1 

^^H           Aroh  braooe.  SSO 

*'      experiments  witbbartioa,148        1 

^^B           kfM^  tMatriag  tlie,  888 

"          on  alastioitjr  of  iroa,  107             1 
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Bariov,  nriatanoe  of  limber  to  d«- 
tnuion,  130 
'*       strain  of  timber,  122 
"       Btrength  of  timber,  120 
Baikipg  trees,  80 
BarrackB  of  Notre  Dame,  18S 
Bara,  cB0t  iron,  effect  of  horixontal 
impact  on,  144,  145 
'•    of  rivera,  494 
"     of  WTouffht  iron,  strength  of, 

148 
"    river.  802 
Bartlett,  effect    of    temperatoie    on 

stone,  114 
Banns,  541 
Bitter,  or  bfltir,  174 
Bays  in  bridges,  2tj2 

"    of  sospension  bridge,  357 
Beam,  raflt  iron,  form  to  resist  trans- 
Terse  strain,  141 
*'     »  straining,  272 
Beams,  203.  263 

"      cast  iron,  rales  to  determine 
strength,  14!);  cnrred,  695 
"      deflection  of  w(K>den,  128 
"      fishing  a.  268 
"      iron,  inflaence  of  form,  188 
"     joints  of,  end  to  end,  268 
"      open-bnUt,  271 
"      problems  on,  564 
"      supported  and  acted  on  by 
pressare,  S64 
Bearing,  the,  205 
Bear-trap  gate,  AS4 
Bed  of  the  foundation,  100 

"    or  buUd,  in  masonry,  175 
Bed-plates,  experiments  on,  HH 
Belgian  sj-stem  of  canal  locomotion, 

493 
Bell-metol,  98 
Benches  of  a  road,  412 
Berlin  oaatings,  poti^  for,  102 
Best  pavement,  421 
Beton,  46,  CO 

"      agglomere,  64,  187 
*'      strength  of.  118 
Beton-  CoiffTtet,  02 
Binder,  a,  in  masonry,  178 
Birdseye  msrble.  10 
BitaminouB  mastic,  74 
Boat- bridge,  391 
Boiler  iron,  strength  of,  148 
Bollman's  truss,  337 
Bonds  in  brickwork,  184 

"     in  masonry,  179 
Bordeaux  bridge,  309 
Boucberie,  preserving  timber,  84 
*'  seasoning  timber,  81 


Boologn*  artiflatal  byAimodB  o&mmB% 

43 
Boulogne  pebbles,  90 
Braoes,2C4 

"      for  detached  framea,  S9S 
Bracket  soaffolding,  185 
Brard,  effects  of  frost  on  stono,  14 
Bramah'a  t«ble  of  streuicUi  of  mbaom, 

110 
Bran,  98 

"     strength  of,  167 
Breakage  of  steel  rails,  4S4 
Breakers,  ice,  318 

Breaking   strain  of    wronghfc    fxoa, 
152 

"  weight  of  iron  tubea,  SM 

Break-joints  in  mssonry,  178 
Breakwater,  Algiers,  538 
"  Delkware,  587 

"  of  Cberbouig,  036 

"  of  Plymouth,  587 

Breakwaters,  886 
Breociated  porphyry,  5 
Briare  canal,  478 
Brick,  76 

"       making,  77 
"    ■  masonry,  188 
Bridge,  Alleghany  BiTer,  844 

"       at  Learenwortb,  280 

"      at  Nantes,  231 

"      at  Omaha,  229 

"      at  Szegedin,  227 

'*      Britannia  tubular.  350 

"       built  by  Rendel.  809 

"      Coal  brookd  ale,  826 

"      dcflnition  of  a,  279 

"      East  River,  229,  234,  8';9 

"      frame,  ribs  in  a,  822 

"       Fribonrg,  370 

"      GroBvenor,  290 

"       Harlem,  226 

"      KnUenbe^,  347 

"       LinviUe.  334 

"      Louisville,  339 

"      Henoi,  368 

"      Hoaongahela,  378 

'*       New  London,  801 

"      Niagara,  874 

"      nomenclature,  814 

"      of  Bordeaux,  809 

*'       of  Neuilly,  295 

"      over  the  Dordogne  808 

"      over  the  Lary,  809 

"      over  the  Patapsco,  307 

"      over  the  Savannah,  399 

"      over  the  Scorff,  280 

"      over  the  Theiss,  237 

"      over  the  Tweed,  848 


Brid^,  poHt'a  DDmbiaation,  84S 

Brniiel,  Hnni^f^rfnrd  bridge.  871                           ^^H 

"      iron.  340 

Btick'i  ivstem.  286                                          ^^^H 

"      aoho^lkiU,  317 

^^^H 

"       8e«kciDk  Ri*er,  £01 

Buildinff  mnterials,  8                                         ^^^^^| 

**       Sotitliwajk.  ftdO 

Built  beam.  SAIi                                                  ^^^H 

••       Suincs.  S26 

Dnrnetixioff,  83                                                   ^^^^H 

'•       SL  LooiB.  231 

tturoing:  briolL  78                                               ^^^^H 

'•      8t.  liouia  and  liJiaoiB,  844 

Boit'b  traaa.  3l6                                                 ^^^^^| 

"       Rnnderbind.  334 

Battraues,  305                                                    ^^^H 

**      Wine.  Providence,  885 

^^H 

"       TwksUorv.  K2I) 

Cables  of  Ruponsion  briiJgea,  880                 ^^^H 

"      ViotorU,  »54,  9\i 
*•       WBt«rioo.  283 

CoiMondanu,  ^13-317                                    ^^^M 

(in  anbeo).  3M                                   ^^^H 

BiidKM,  Sm 

pneaniBtio.  338                                      ^^^^H 

American,  S07 

Oolcareoiu  ■Hid*,48                                       ^^^^H 

•pprouliM  of,  303 

ttonea.                                           ^^^H 

"       MiDadiirti,  381 

Calcination  of  limrntone,  95,  88                       ^^^^^| 

*'     ucb«d,  sen 

Oolculatioa  of  witid  conteob^  40A                     ^^^^H 

'*       an)liit«otar«.  807 

Colvdouliin  oauul,  491                                         ^^^^^| 

"       bnja  in,  383 

Catiul  aquoduots,  460                                         ^^^^H 

"       iKttt,  801 

*■    Muedoct  bridMi,  808                           ^^^H 

**       dmmI,  480 

•*    Brian.  47S                                             ^^H 

**       <a«iroii,88S 

••    bridges.  400                                           ^^H 

"       odebnt«d  wooden.  894 

**     bridgea  of  K.  Y.  SUt4,  Sn                           ^H 

"       eonvtouotiofi  of,  3M 

*'     Outedcmian.  401                                          ^^H 

'*        Anw,  881 

"     CbcnikD^.  470                                           ^^^H 

*'        effectof  t«mpentareaa,331, 

"     culverU.  480                                              ^^^H 

"        BugUftb,  307 

*•    Erie.  4ai                                                ^^H 

"             •'      iron.  826 

"    feeden,  474                                           ^^H 

•*       rnnch.  307 
"             '•     iron.  886 

**    nueiue  for  a,  478                                 ^^^^H 
*'    lock.  473                                               ^^H 

"       icon,  Amerioui,  8M 

"    lock-gat«s,  487                                          ^^H 

**          *'    Europeu,  aST 
'*          "     tnuMd.  383 

"    lofdE».4»^i                                                          ^H 

"    locks,  lift  of.  470                                    ^^H 

**       ]ooatimi  of,  380 

*'    t(!*erv(an«.  -174,  470                                  ^^^^M 

''       momUe,  380 

"     Uidun,  VH                                              ^^^M 

"       of  ?r.  T.  State  mrtl,  831 

teiu]Kinu7  dams,  490                               ^^^^^| 

•■        piera  for,  21W 

'■    tide-lock.  -ISO                                            ^^^H 

"       rolllDff,  »90,  801 

"    WMt«  weir.  400                                    ^^^H 

"       lUne,  d79 

"    Wellaul,  4ir3                                         ^^^1 

**          ■*      of  Eoropa,  808 

Oanala,  407                                                          ^^^H 

"        ctrle  of  ar(!hlt«cuir«,  204 

"    acweawnr  work*  of.  488                        ^^^^| 

'*       enpentraotan  of,  808 

*'    eroM-sootion  of,  470                              ^^^^H 

"        mupenaloi),  8.17 

enibaiikint^nut  of.  480                             ^^^^| 

"        tnholnr,  847 

*■     EnglitK,                                                       ^^^H 

tutning.  3W 

*^    expvTintonti  on,  473                                 ^^^^| 

**        wnUiT  vrinp  of,  808 

*'    Frcncb.  4  OS                                               ^^^H 

"        wiog-wftUd.  299 

*'    fnU.  8.  467                                         ^^H 

'•        wooden.  3t0 

Lansnedoo,  475                                     ^^^^H 

•*        wrought  iron,  347 

"    laalca^  of.  473                                         ^^H 

Bxidl*  picooft.  274 

«    leTelaof.  460                                            ^^^H 

Britanai*  tabalur  bridgs,  3S0 

"    location  of,  4A9                                         ^^^H 

Broken-fltODfl  ro*d  oorering,  428, 42S 

'*    locotaoUon  on,  493                                ^^^^| 

Broaia,  88 

>*     the  St.  LawreDce,  403                             ^^^H 

Brown,  tenule  Btncrth  of  ee«t  iron. 

watsf-«appl]r  of,  471                                ^^^^H 

131 

Capitol  at  Albany.  230                                       ^^^H 

'«      Tw«ed  bdage,  868 

roof  of,  at  Uoatpelies,  104             ^^^^1 

Bmnel.  experimental  ucb,  IM 

^^H 

^^H                                              ^^^           DIMZ.                       ^^^^^^^^^H 

^^^B           Cftp^nff,  900 

OoHiwQo  ountar,  4ft                                  ^^M 

^^^H           CarpmitiTt  S63 

Compact  llmMtona,  9                              H 

^^^H           OuToUton.  vlftdact,  806 

OonpiurAtiv«  rtrongtli  of  Inm,  itMl,      ^| 

^^^^H             Cwt-inm  bum,  offrafc    nf    bariBOntaJ 

nnil  hemp  rope,  lOA                                 ^B 

^^^^^^^                       impnotcm,  144.  140 

Component  pun*  of  stnietare«,  JB8        ^B 

'^^^^^^^L                      beam,    torm  of    to     teatrt 

Oooipositfl  looks,  OMuU,  487                       ^| 

l^^^^^^^l                           i-Tvuveraa  itnla,  141 

po«t^  bridg«.  84S             ^^H 
ComprfNMd  lur  for  tunoellinr,  44S  ^^^| 

^^^^^B                    briflgfti,  »25 

^^^^^B                      rdK«  nil,  4-)l 

OM  ocsao            ^^M 

^^^^^B                      for  building,  89 

Compreidbl*  Milit,   foaodAtiona  In;^^H 

^^^^H                    UcVtn 

193                                                         ■ 

^^^^^V                      ■CniiigUi  of,  131 

Oompiaaam,  redibuiM  of  «Mt  tios       H 

^            C«lcb-ir»U!r  drminf^  418 

to,  lUl                                   ■ 

^^H             Cedar,  SH.  ^ 

raUtance  of    wToaght       H 

^^^H             Oamoat,  bjrdntulio.  18,  10,  90.  40 

iron  to,  154                        H 

^^^^B                            iojccted  Into  muMiiT',  301 

Compmirliig  roads,  437                             ■ 

^^^^^^                     linMMUnie*,  18 

ComptMaira   afaaiit,    rerfatan<«    o(       ^| 

^^^^H                  Porllud.  ao 

timber  of,  129                                        ■ 

^^^^H                   Pottlana.  rtrvoflith  of.  117 

Coneliuiona  oa  rtcsDgth  of  WTOtutbl       ^| 

^^^^^H                    Eomui  or  Parker'^  IS 

Inm,  US                                                 ■ 

^^^^^^f                   Bonun,  atrcant]!  of,  1 16 

Oonorete,  48,  90                                   ^^H 

^^^^^^^     OamentK,  artificial  bjilnuillo,  41 

OlarkflV  fniraa  for,  189      ^^H 

^^^H                              hjdniiiltc,  bililiM  uf,  20 
^^^H           OanUal  Paoiflc  ^nide,  iiUt 

durabtlitj  of,  71                 ^^H 

vralla,  186                          ^^H 

^^^H           Oeatrc  of  eUatioiljjMS 
^^^^H            OnUea  of  ktcIiim,  S8B 
^^^H           Chhina  of  miipeiudoa  bridgM.  800 

■tomgUi  of,  1 18                ^^H 

CoD^oinnato  marble,  10                   ^^^H 

OoiMidal  aroh,  2tiH                             ^^^B 

^^^^H           CluUey,  Fribourg  bridAO,  870 
^^^H            CU&roctcra  of  goal  brick,  78 
^^^H                           ofojdnaUo   limostouM, 

Oonatoble,  vraljaakmeot  walla,  MS  ^^^H 

Conatniotioo  of  brldget,  204              ^^^H 

muiinny,  S8I           ^^^H 

^^H 

Contenta,  aolid,  of  a  rood,  409           ^^^H 

^^^H             ChooJUlffO  eaanl.  470 

Coainotiim  of  eolida,  100                   ^^^H 

^^^^H            Obactetug  b[«nkw«tor,  0116 

Oopol  varaiab,  101                              ^^^B 

^^^H           Oluwtiiat, 

Copper,  08                                         ^^^B 

^^^H           Chitt«iiango  bydraaUe  UnHVtODe,  81 

etrength  of,  100                    ^^^M 

^^^^B             Ghaicfa  of  heUm  ngglomare,  187 

Oorbela,  272                                              ^B 

^^^^1            Clark«.  framo  f or  i;ionor«t«,  188 

Oorioliit.  table  of  wear  of  atoaa,  17         ^H 

^^^^1            Ctwk,  mutauoe  of  iron  to  nbeoriog 

Corrugatod  irou,  07                            ^^^H 

^^^H                 BtniD,  101 

Conntet-aroh,  S37                              ^^^^| 

^^^H            CkanflcAtioQ  of  arobca,  SS9 

onireDta.  804                        ^^^H; 

^^^1                                    of  itnuourT,  174 
^^H                                     of  Kib.  IM 

ConnterfortM,  244                                         ^H; 

ConiiLrjr  roads,  49S                                       ^Bi 

Gonna,  in  maioiuy,  174                           ^B| 

^^^B            Oloirtarad  arohov  SOS 

Connai,  bnuuUtioB,  830                          ^B 

^^^^H            OloM  joiota  fn  niAMnry,  177 

Ootuifnj  Jointa,  9)iA                                     ^B 

^^^H            CoAlbrookdala  bridge,  uao 

Gorered  draios,  417                                   ^B 

^^^H           Oual-tat  for  munniy,  200 

OoTeriog  of  road,  brokon  etooe,  4tt        ^1 

^^^H            Coeffloimbs  of  liD«ar  sxpaiuioa,  107 

485                                                 ^        I 

^^^B            Coffcr-dwns,  208.  313 

CoreiingB,  road,  418                                  ^B 

^^^H             CoIf«n.  strength  of,  186 

Cramping  metal,  a,  00                                 ^B 

^^^H             Ooigoet-betoo,  187 

CTit>-work,  atO                                         ^B 

^^^^B                                         praportioiu  for,  18B 

coffer-daoia,  S19                        ^B 

^^^H            Oolffnet.  chorob  bailt  by,  188 

Crow  dlmeitftlons  of  rondx,  480                   ^B 

^^^^H             CoignRt's  mill,  54 

initio  diaiai,  41  (<                              ^B 

^^^^B             Coloring  timhar,  85 

*'    aootiHiofftCMua.  47C                     ■ 

^^^H            Coluuuu,  oj-liudrioiJ,  rttbtaDOO  of. 

"    itraiDa,  framea  for,  S84                     H 

^^^H 

"    tie  for  nulinai),  434                            ^B 

^^^^H            OonuB-ni  LimortotM,  1 
^ 

CroHlDg-plaoea,  4S3                                 ^B 

^^^^^                                                           tlTDKX.                                                           CMl^^^B 

V         Cttwong- plate,  437 

Dovfr-tafl  jotot,  S71                                       ^^M 

H           ('raasici|(&  of  rallroMlii,  434 

Dninaga  of  a  waA,  418,  410                          ^^H: 

B          Cni{iliiiit(  luroe.  meaKora  of.  108 

Drain  in  tonDvlii,  443                                      ^^H 

H           I'abicnl  stone  pBTatneot,  42i 

Diaiiu,  417.  41»                                               ^^1 

■          Calvert  of  cuul  rcMTvoir,  478 

Draught,  priam  of,  474                                   ^^H 

■         Culvert,  417  ;  flanal,  480 

Draw-bridgea,  H^l                                           ^^B 

■          Curb  atoDeR,  433 

Dieilge,  duins  of  auspaiMloa  bridg*^          ^^H 

■         CamiBU,  534 

m:i                                                           B 

^^^^    Curtoja  on  piinolaniu,  4S 

Drift  lu  a  tiuiDel,  440                                       ^^B 

^^K  Cnrrcd  biMuus.  b96 

Drip  of  a  bridge,  SOS                                       ^^1 

^^B  Carves  of  lailroodi^  43$ 

Driver,  [ulo,  lt>7,  1B8                                   ^H 

^^    CntBtono.  174 

DtT-ing  brick.  70                                               ^^M 

■         CyUnddoal  arcli,  Q84 

Dufoar,  ezperirnoDta  ral»UT«  tOBn»>           ^^H 

■         <^liiii]TioaI  colomiu,  resJataiioe  ot. 

petuion  biidifea.  367                                 ^^H 

■             18S 

Daleaa.  on  elaaticitj'  uf  Iron,  100                    ^^H 

■         Cjpnm,  8B 

Donlop,  nafatamoe  of  iroo  to  tcitlOB,  ^^H 
DnraUUtj  of  oooorcta,  71                              ^H 

1         Dams,  ooffe.r.  208.  213 

H                     of  caual  nMiToin,  470 

of  inio,  94                                     ^M 

■         Daiic»rotu  section.  S&5 

"        of  mortan,  57                                    1 

of  railis  433                                 ^M 

^^^T  Deducuosa  from  OKperimenU  m  to 

of  ctooe.  18                                 ^H 

of  nupeaaioQ  bridgas,  8BT           ^^B 

V             Btrvngth  of  iiton«,  113 

of  timber.  80                                ^H 

^^    Dedoction*  frou  V'ou  ^\' fiber's  sxperl.- 

Datcb  dike*,  542                                           ^H 

^^^K       mcnlM,  4t!I 

^^^H 

^^H  Dee.  bridk'e  orei  the.  200 
^^H  Deteola  of  timber.  83 

EarlsV  method  for  pteaerriag  tin-           ^^B 

ber.  84                                                       ^H 

^^V  Pofiuitloiu  io  bridge  Qomendatur*, 

Earthvn  dama.  479                                       ^^H 

^^                         314 

fiuxth  for  briok,  77                                           ^^H 

^T                 "          iUTnatonrjr,  IT4 

Erutb-work  of  a  road,  411                                      B 

H          Deflectton,  ungh  of,  of  nllB.  437 

Eaat  River  bridge.  238,  £34,  379                   M 

H                  "          of  wooden  ))eMiis.  133 

BA^nuUt,  4»l                                                   ^H 

H          DttflActlQUi,  fiffecu  (>f  time  ou,  136 

Effect  of  boriEontoI  impoofe  on  eaafe-           ^^H 

■          I>eUfiBld,  tabular  rilifi,  ItZS 

ironbata.  144.  14.'}                        ^H 

H          DeUwwe  breakniiteT,  537 

of  tompemturo  on  copper,  107            ^^H 

^^_  I>»IlA  of  rlT«n,  48.'* 

of  terapeiaciire  on   sutwuity,           ^^H 

^^Hi Depot  roof  irnsii,  390 

3G1                                                     ^H 

^^^p  DeofoDtAlnoft  i^m,  &20 

of  trains  on  Blaopeta,  448                  ^^H 

V        Defltjoyer*  of  timber,  d8 

of  ipeed  on  rooda,  443                         ^^H 

1         Deteriorotloa  of  bjdzaBlio  Momit, 

ECtecU  of  l«d-pIatoa,  4M                                ^^B 

■            40 

of  frost  on  atone.  14                          ^^H 

H        Dctrustoo,  xniitanoe  of  timb«r  to, 

of  heat  on  HtoDD,  15                             ^^^| 

■            lilO 

of  tempentare    on    bridgea,           ^^H 

■         Dike*,  MS 

331                                                ^H 

1                    loogitiulhAl,  on  rivers,  490 

**     of  tOKipcmtnre  on  Irao,  137               ^^^| 

B        IHrnflxisiotia,  cron,  of  roads,  430 

of    temperatare    on    teuilt           ^^H' 

B                            of  A  lime-kilo,  29 

ttreagth  of  wrought  iron,           ^^H 

^^                        of  a  wall  240 

108                                                ^H 

^^BDiu  plies,  197 

of    time    on    «loti(pitioo    of           ^^B 

^^HjiDnteiboting  csuuil  reaerroir,  476 

wrought  iron,  155                            ^^^| 

^^■DodkB,  wet.  ft41 

of  tiraa  npoodefleotiona,  130           ^^H 

^^WoloDiitM,  10 

Blaatioi^.  centre  of,  OBS                               ^^B 

^^^DognB,S51 

labnvl   imA  longitodinal,            ^^H 

^^BDomot,  abotmentaof.  !S8 

sm                                     ^H 

^^     "        and  roofi,  400 

limIUof,100                               ^H 

1         DonlaKno,  bridge  over  tha,  808 

Ktbow-  (rint,  253  ^^B 
Blbow-  ointa  in  masonij,  170                        ^^H 

■         Doatil*  «ir-locka.  2U 
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Bbows  (rf  ziTen,  494,  497 
Eloi^stioa  of  wTODgbt  iron,  US 
l?f*th»iikfnf*nt  ol  'Ti"iilg,  409 
w«U  for,  240 
"  of  roads,  406,  414 

BmbAnkmento,  settling  of,  414 
Emj  on  wftTes.  535 
KuioMire,  walls  of,  238 
BngJiMW.  pile,  197 
T^g'»~^,  paremeoti  of,  481 

"       pUes  in,  208 
^fc'g^">'  bond  in  faxiok^wock,  184 
**      bridgea,S07 
"      caniUs,  491 
"      iron  bridges,  8S0 
Adu^ememt  of  water  waj,  806 
Erie  canal,  473,  W3 
Bnrope,  beton  agg^omete  in,  187 

-"        sUme-biidgcs  of ,  806 
Boropeaniron  bridges,  827 

"        wooden  bridgea,  824 
BxoaTationi  for  r  road,  411 
Bxpanaion,  linear,  167 

of  atone,  114.  116 
Bnterimenta  of  Von  Weber  on  zaila, 
442 
**         on  banof  hot  blast-iron, 

189,140 
*'         on  bed-idatea,  464 
M         on  cauls,  472 
**         on  oast-iron  bar  bj  im- 
pact, 144,  145 
**  <m  foioe  of  ti&ction.  407 

**         on  permanent  wajs,  444 
**  on  strength  of  &ames, 

274 
**         on  Bttength    of    mate- 
rials, 104 
**  on  Bospension  bridges, 

867 
**  on  ttansrerse  strength 

of  oold-blast  iron,  189 
'*  on  tube  for  bridge,  850 

"  on  WTOnghb-iron,  164 

Kstenrion  of  solidit,  106  ■ 

"         lesiBtanoe  of  oast-inm  to, 
181 

Fact,  in  masonry,  174 
Facing,  in  masonry,  174 
Fairbt^m,  effects  of  time  on  dnfleo- 
tions  of  horizontal  bar^  186 
"         experiments  on  plate  iron, 

147 
**        on  onst-iron,  92 
*'        ratio  of  remstaiices  of  hob 
and  oold  blast  iron^  146  • 
*•         strength  of  steel,  164 


Vaixfaaini,  taucitiy  of  iros,  US 
tnbnlw  faddc^  S4B 
FsaaneB,4l9 
FstlinMa,18 
Featarea  of  inren,  49^ 
Feeder^  canal.  474 
Felling  toeeit.  80 
Fender-beams,  811 
Fender  for  bridge  pios,  2K 
Filling,  in  maeoniy,  174 
Fink  tnia,  888 

Finlaj,  ■apenMoo  hndfeib  07 
Fire-bxiok.  7S 
Kte-sttme,  7 
Fish-bellied  rail,  431 
Fishing  a  beam,  268 
Fisk,  ezpenments  on  '""*"^  4R9 
Flaggbig,  7,  8 
Flash  pointings  960 
Flemi^  btmd  in  brick-woik,  184 
Fleadble  baoda.  for  inoUned 

489 
Folding  wedges,  266 
Fontainebleso,  aqoedncfe  at,  187 
Ftnoe^  shearing.  560 
'    "      of  the  wind,  394 
"       of  traction,  407 
**       to  draw  wpiktm  oat  fif  i 
456 
Foroea  aad    strains,    leUtkna    ba 

tween,  668 
Forest  trees,  86 
Form,    influence   of,     on   oaafc-troB 

beams,  138 
Form  of  a  lime-kiln,  29 
'•      of  a  wall.  240 
**     of    cast-iron   beam    to  zaatrt 

transreise  strain,  141 
**      of  section  of  retaimng  walls,  S4S 
"      sand,  for  pavemeota,  421 
FonnnU  for  breaking-weight  of  ins 

tubes.  854 
Fonndi^on  courses,  236 

•>  definition  of,  100 

Foundations  by  pneumaHo  proceaai, 
220 
**  double     air-locki     ta: 

224 
"  in     compressible    soil. 

102 
((  in  matshy  soils,  193 

"  lateral  yielding  of,  904 

"  of  land  stractorea,  190 

"  of  structures  in  wate: 

208 
"  on  piles,  196 

'*  rook.  191 

»  sand,  198 
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Poiuid>tiioiui,  mnl  for,  203 

Octmt,4A                                                  ^H 

Fox,  inm  UuM«d  bud^c**,  938 

Ooard  for  bridge  pfen,  295                        ^^M 

"      lock  of  m  caiuU,  490                                1 

Frame,  s,  &A3 

Onn-iaetal,  98                                                 J 

"      bridtte,  ribs  la  »,  83d 

Oa&powd«r  ptl«-driTer,  198                      ^H 

FnniM  fur  cr(L'ci-Htr&ui«,  SUl 

GruBum,  13                                              ^H 

"       rtrvnfTth  of,  874 

T 

FntmiDK,  2QS 

Hall's  metbod  for  arcb««,  988                      1 

"         for  iotennedLite  MipporU, 

Harbors,  SU8                                                  ^J 

37S 

flaHcTn  bridg«,  226                                          ^H 

Feaihm,  pftTemeata  oC,  429 

Ueadcn  in  nuMMU/,  17T                             ^^M 

•'       plte-driviii(f  in,  MM 

Heading  in  a  tunnel,  440                             ^^M 
U«at,  •neota  on  atoiie,  Ifi                         ^^M 

"      tubulai  tiU  ia,  820 

Freeatoue,  7 

Uodgkinaon,  on  blast  Cor  oast-Inn.       ^^ 

French  farida«*,  907 
**     caou  runlvra,  47S 

Bl 

'*           oo  crUadrical  oolnnuu^ 

^K                  caniklo,  VJi ;  dUc«a,  643 

V^ 

^^H                    L'Jigiiicvnt.  oil  niuda,  4^1 

"           on    dastldt?  of    ewt 

^^B                  experimvnlK  on  ctreugth  of 

iron.  106 

^^1                      franMw,  Hi 

"           on  pilbua,  186 

^B            "      iron  bridge^  im 

"           ratio  of   rocistaooea  of 

^H                  iuet>i4idrorleft)uinwalls,200 

hot   and    oold  UmI 

iioQ,  148 

Friboorg  bridge.  870 

"           rMUtanoe  of  iron  wire 

Fmt,  aotiOQ  oa  ntaMiiu7,  SOI 

to  impact,  101 

'*     action  on  stons,  1 4 

'*            Mdjrtanoe     of     sqn&re 

Frost*!  t«bl«  of  comranitire  re«u>t- 

pUlan,  123 

uoe  of  mbnuioD,  17 

Hodffkinsoa^  experiments   an  plat* 

Fucoiim  dtmittiu,  ID 

Iron.  147 

Fuel  for  Uroe-banime,  27 

"            fonn    of   iron  beama 

Fnnk'v    experiineiita     oa     laHwa; 

138 

■pikw,  451 

"           fomoln  fgc  strangth 

of  oast-iroo  beama, 

OALVAittzrKO  Iron,  W 

148 

Gas  bouBos.  lonrn  of,  :iII7 

"           measare  of  omahtog 

Gates,  maal  liv^k,  4HT 

foToe,  108 

G«U(r«  of  a  nulroad,  4^15 

"           BtnUn  of  timber,  122 

Gaat:iiif  for  a  <>annl,  47A 

*'            strength  of  oast-iroo. 

GlUmore,  on  Floffiaaa  lime-kiln,  34 

131 

Gimrd  dnm.  fi:iO 

Hoffman  Ume-kiln,  Si                                ^^M 

OirdUog  teoM,  80 

HuoS''m  tunnijl,  44:2                                       ^^M 

ODei>s,0 

liorisoDtal  ban,  d«fleotEons  of,  196        ^H 

Otad«of  railroada,  43S 

HoriaoBtftl  thmst,  tWO                            ^H 

QfadieatK,  4i)A 

Homblendf^  slate,  8                                     ^^H 

rallioftda.  438, 438 

Hum^toos,  7                                           ^^M 

Onwd  Tmnk  road,  4S3 

Hot-falasfc,  eoonomy  of,  91                          ^^M 

Gruiito,  a 

Howe's  tcoM.  S17                                  ^H 

Qnat,  OD  Telford,  eta,  roaih,  4S5 

Undson,  wing-wmlla  on,  400                     ^^M 

'*     tCrenKtta  of  Portland  cement, 

Hnngerfard  bridge,  371                            ^^H 

117 

HTdranlkonnCBft,  16. 19.  20,  48             ^H 

GruntUr  Umestoue,  0 

cvments,  table  nf,  SO                  ^^H 

OnTCl  roadjk  423 

lime,  18.  ID.  SO                             ^H 

Grajtniek«  date.  6 

Utnea..arbfioiai,  41                     ^^H 

Great  Western  BaUwaj-,  433 

**^        lita^B.  moat  Hoitablii,  S8             ^^| 

OnseiMitone,  't 

*'        liro«*tOD«.  11.  12,  19                  ^H 

Giillave,  a.  193 

w        lansstODea.  Hiaraotors  and              ■ 

Groina,  aaaooaat,  648 

testa  of.  2^                                  J 

Oroarenof  brUge,  MO 

SKutor.  4fi.  48                          ^M 

^^^1                        ^^^^^      nron.           ^^^^^^^^^^^^H 

^^^^H          los-Bwuinciu,  91S 

Johtwni.  sdhMlaa  of  tnm  ifttw.  1^^^^^ 

^^^^H           Iot,  Ut  guMtd  bridgM  ■fmhwl,  S08 

effoDta  of    tfawo-taoiiaff, 

^^^^H            Impnned  tmoticn  in  >tM)  i^k,  4ffi 

101                                ^y 

^^^^H           ImprovcmeiiU  of  rivon,  495 

Jdnt.  dott-taU,  271                                  ^M 

^^^H                                   of  itMl  nlU,  405 

•'    atbow,  £»                                 ^^H 

^^^H                                                MMCOMt.  004 

"    Mrf.908                                ^^H 

^^^m           iBcUud  ikluMa,  499 

JutUtM,  »4.997                                 ^^H 

^^^H                      BtiMia,  sn 

'*     oonnfaiB,  888                         ^^^H 

^^^^H          InmwdiiffilraictliofntaioiBr^ralli^ 

In  nMoiizj,  179                   ^^^H 

^^H 

DoitiM  tad  toMK,  870           ^^^1 

^^^^H           ZofliuauM  of  fonn  on  cAat-iroD  teuuL 

^^^^H             IntsodsB  osmetit  into  raaKnoy,  901 
^^^^H           Inior^  of  mortju,  Oi 
^^^B           Inlgmithint  Jtm»-kihii,  28 
^^^^H           lBaadBUanft,u«anttMag^fiat,  4S8 

of  bcABuieiui  to«BiL  90S            ^H 
"      nil,  404                                   ^^M 
"     tie,  971                                  ^^H 

JoiiM«.204                                          ^^H 

Juiiptf,  89                                  ^^^H 

^^^^1            I&vertod  *n:}i.  397 

Km,  988                                       ^^1 

^^^H            Ino  arclio*,  S37 

KUiu.  lime  97                                       ^^H 

^^^H               ••  bridcoRlSlalDM.  881,  883 

KiM-boli,  9S6                                    ^^H 

^^^B               **   iTidfftt.  Ponf  ■,  840                           "    port.  f7»                                          "^ 
^^^B               "  brid^  BaropMU,  837                 KizkaU;,  vOwit  of  bMi  ca  WKOgU       ^| 

^^^H                '■   CMt,  W                                                                    iron.  Ifll                                    ^| 

^^^H               "  «A*t,  brJdffM,  82S 

•xperlineabi   OB    wxoiMhl       ^H 

^^^^^H                "    oMii.  itimi(rth  of,  181 

iron,  149                                    ^M 

^^^^H                  '*    colli  bInNt.  ulnagth  of,  180 

■Cnoyth  of  *t«^  104               ^M 
XaUcDb«rgbTUr«,847                      ^^H 

^^^^H                "   cvmiipit«)d,  B7 

^^^1               "  dnnbUHv  of,  H 
^^^H                •*    for  bnlhltiw.  8b 

Kranidnf ,  88                                     ^^^H 

Laochm  far  out  Iron,  101                  ^^H 

Uoa-looked  TMd>ta»a.  588                       ■ 

^^^l                **    pUei,20» 

Land  atturtm—.  fooMlatioiia  of,  190       ^H 

^^H               "   plllan.  184 

Lufpwdoo  oanal,  473                                ^H 

^^^B               **   proUctiOD  of,  M,  OS 

Lardi,  B8                                                   ^M 

^^^B 

Lanoier  of  a  bifilga,  809                           ^H 

^^^^H               **   mdatAnoetoilwuioKitiiLln,  181 

LatT,  brfdga  over  th«,  801                        ^H 

^^^H                "    foof  trunoa.  30» 

Latorai  forcvs.  («tutaoos  of  imO  tos       ^H 

^^^^H               "   aplliM,  lulbediin  to  timber,  170 

443                                                ^M 

^^^B               **   iteelx. 

vIoMinc  of  fottndatiaiia,  MM        ^M 

^^^H               x   tniMeil  hrUgw,  889 

Latrobn.  briilgo  bnllt  by,  Wt                     ^H 

^^^^H               "   tubnii,  brnulnng-welglit  of,  8n4 

Lattice  tran.  31^                                ^^^1 

^^^^H               '*  wir«.  nuliiAiiDU  to  Imp&cfc,  101       Lead,  W                                             ^^^^H 

^^^H                *•    wrotiffbt,  V?                                          "      strength  of,  1A7                          ^^^1 

^^^^H                 *'    wrotij[h(,  «fl«oU  of  t«uipenttlT«  |  Lwkitf«  of  &  eimai,  478                       ^^^B 

^^^H                                  108 

UmkM  In  wallB,  MO                              ^^H 

^^^^H               "   WToagbCt  elongatJon  of.  159 

Leminy  rmuning-imll.  848               ^^^H 
LaaTenwortb  bridfr«,  22d                   ^^^H 

^^^^H               "    wrotiffht.  KlduiU;'*  coficlaKioni 

^^^^H                        OB  Btmigth  of,  140 

Levcla  of  canAla.  480                           ^^^^H 

^^^^B               "    VTOQjtht,  rMlstooM  to  oomprM- 

LewiB,  a,  in  ma«onr7,  189                  ^^^^^| 

^^^B                                   104 

Lift  of  canal  locka.  47B                     ^^^H 

^^^^H                **  irroni^hti.    miituioa    tc    tnuw- 

»    priam  of.                                         ^^^^1 

^^^^H                        Terw  ntnin,  154 

UcrhtbouM  of  Port  Bald,  167            ^^^H 

^^^^H               **   wTun^ht  BtrengUi  of,  147 

Utno,                                                 ^^^1 

^^^^H               *'   wTooebb,  lhemio-t«niiloo  of,  151 

'•      bnminir  In  U.S.,  81.              ^^^H 
"      kilna,  27.                                   ^^H 

^^^^H             JArAHTomiafa,  101 

Btime,  0.                                         ^H 

^^^^H             Jonri*,  oxpehniflDU  on  cuukli,  479 

Limoa,  hjdiBolio,  raont  miltaUe,  OS        ^H 

^^^^H                        on  omaal  rwerroln,  478 

Limeatone.  oalidnntion  of,  99-                    ^H 

^^^B            J«ttiw,K)d                                          'limltoof  BlwMoitjr,  lOOw                    ^^m 

nMttfiiflHto  the  unit  or 

Manhy  nlle,  4  0                                        ^H 
■oila,  foondatioaa  io  195               ^^H 

Uonr  oratrutttoR.  eta.  of  metals. 

Haaonry,  ITS                                                   ^^M 

Tto.,  rrom  tempentora,  ',H"! 

componont  porta  of  vtroo-         ^^H 

"       expanoioo,     ooeffioieoU     of, 
107 

tores,  839                               ^^1 

ooDHtruotloo  of,  236                     ^^H 

LlnM  of  ths  arch,  283 

dnms,  478                                      ^H 

LiDtd.  217 

eSect  of  temperature  on,        ^^H 

Linrille  hriAgo,  SM 

^H 

UvsqxK)!  ai»l  UonebeaUr  rood,  mD 

of  archee,  &'>3                              ^H 

of,  431 

of  toimeli,  441                               ^^M 

Load,  effect  on  rooda,  445 

zepaira  o(.  960                             ^H 

Looattun  ot »  bcldg*,  {80 

]Cutiofocxoa(]ii,498                                 ^H 

"        ofeuimU,4a& 

Martial,  74                                                 ^H 

**         of  oonamon  roerin.  40B 

Materialu,  bnEldlng,  8                                    ^^H 

Locnlit/,  effoot  on  atgus,  15 
Look  ud  dam  DariBatioii,  S31 

for  fnunea,  268                         ^^H 

for  roaita,  428                              ^H 

■treo^  of,  104                       ^^H 

"     of  a  ciuuil.  473 

Meacrer  limcK,  lU                                            ^^H 

' '     tide  or  Rn»d,  of  a  oanol,  480 

MeaiM  for  contring  the  arcli,  990               ^^H 

Look*,  ranal,  162 

Meanttre  of  aroabing  force,  103                   ^^H 

MnaEnroa  against  biundatiaiifi,  41)4              ^^H 

"■      Iflftof  mnal,  47S 

for  InereaBrnj;  ntr^ngth   ot          ^^H 

Looomotiofi  oa  ouab,  493 

retaining^widis.  244                    ^^H 

LouuBb,  bS 

Menai  sosponsioa  bridge,  &6S                      ^^H 

London  bridge,  nev,  841 

Mfttal  fast«oitjftv  in  muaoDir,  180               ^^H 

Longitodixial  dUcM  od  xims,  499 

MeUla,  89                                                       ^^M 

Long'N  tnm.  91S 

Htivngtb  of,  187                               ^^H 

LnM/«  of  waMr  in  a  canal,  47S 

Mechodji  of  povden'tiif  calcined  lime          ^^H 

LouinvUle  bridge,  83& 

atooa.  S7                                      ^^H 

Lowlanda,  dike*  to  protect,  !hS 

"       of    prrrMrriny   sorfooe   of              V 

LaaiaoheUa  mazbl»,  10 

atone,  lO)                                       M 

of  Mtaeoninf  timber.  81                ^^M 

of  acreoicfthiaQiitg  raaaoair,         ^^H 

JCcAdak,  paT«iD«Dt  ot,  4^ 

179     "                                     ^H 

MoCftllum'H  tran,  920 

Hica  riate.  0                                                    ^^1 

McDonald,  vwing  bridfce  \ij,  3S5 
Uacadjuuiied  roiulH,  4^4 

Mill   Ft,  Warren  mortar,  52                      ^^M 

of  Coiguet,  04                                     ^^H 

Muflhinea  for  mortar,  Al 

Hillatonc  7                                                      ^H 

Uachinea,  poirer-duliiog,  443 

Uiuaid  and  D««ormea,  strain  ot  tim<          ^^H 

Mftcnaill.  foioe  of  tractioa,  407 

her.  }Q-2                                                       ^H 

Hagneslan  Umestone,  10 

Hinrral,  nt^nrio,  79                                         ^^^M 

Uala  cbains  of  ■unMnuioo  bridsw, 

tar.  74                                               ^^M 

3«3 

Model  tabo  fnr  liridge,  349                           ^^M 

Molsxator,  the.  -"M 

Modllliona.  802                                           ^H 

UaU«t.  caonbaboDO  ▼aznub,  lOS 

Hodnloa  of  laSfral  elaatid^.  081               ^^M 

^^^K                   on  preaerTlR|f  iron,  04,  93 

ot   longitodlnal    eUctidt/         ^^H 

^^B                 report  on  iron.  90,  01 

S61                                             ^B 

^^■^                   Tamiah  for  aiiicked  iroa,  103 

Mole  at  Aloen,  S38                                    ^^1 
Moment  of  mpinre,  BIH                            ^^H 

V          Hallflt'spcoceaeeforprewwriiieiion, 

■ 

MonongabeU  wire  bridge,  378                    ^^H 
Mrmt  Ceais  railroad,  48  \                            ^^M 

■             UanipBlatione  of  mortar,  31 

H             MuUiiu  h^dranlia  HmMtono,  90 

tannel,  449                                  ^H 

H             Monnorof  nnJDctQgbj^dtauliaoeineDt, 

■ 

■            Map  and  memoir  for  a  raad,  408 

MoBtpoUer,  roof  of  oapitol  at.  40O          ^^H 

408                                                           ^H 

Mozls,  onbical  etoae  p«Tem«nt«,  493         ^^1 

■             HarUe,  9 

Horria.  on  roada,  409                                 ^^H 

■           Harfalee.10 

Mortar,  46                                                  ^H 
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Hortar,  acDtenmoe  of,  73 

"       bed  in  brickwork,  184 

"       how  injored,  51 

*'      hTdnolio.  46,  48 

*'       manipalatioiu  of,  61 

"      null,  52 
HoitaiB  exposed  to  weather,  60 

"       Betting  and  darabUity  of,  67 

"       Btrength  of,  115 

*'       theoiy  of,  58 
Mortise  joiDta,  370 
Morable  bridges,  380 

Nantes,  bridge  at,  231 
Narrow  gaoge  for  railroad,  436 
Natural  featorea  of  rivers,  494 
'•       pozzolanaa  in  U.  B.,  43 
Navigable  canals,  467 
Navigation,  slack-water,  531 
Neoillj  bridge,  295 
Neutral  line  or  axis,  lOS 
Newell  stone  in  maBonry,  179 
Niagara  snupension  bridge,  874 
Nomenclature,  bridge,  314 
Norton,  deflection  of  wooden  beams 
128 

Oak,  87 

Object  in  framing,  2S8 
Oblique  arches,  ^5 
Obstraotions  in  riven,  680 
Offsets,  236 
Omaha  bridge,  239 
OpeD-built  beams,  271 
''     side  drains,  417 
Operations  in  tannelliog,  440 
Oriental  granite,  6 
Owen,  effects  of  frost  on  s^one,  15 

Paob'b  lime-kilns,  84 
Faint,  black,  101 

"      gray  or  Btcne  color,  1l;t 
"      lead  color,  101 
"      white  (for  exposed  wood),  101 
Paints,  100 

PalladiumiringiroD,  97 
Palln,  ohnroh  built  by,  188 
Parallel  roil,  433 
Parapet  of  wooden  bridge,  823 
Paris,  concrete  walls  in,  185 

"     sewera,  188 
Park,  Central,  of  N.  T. ,  roads,  425 
Parker's  cement,  IS 
Pasley,  ari;ifloial  hydraulic  Um«,  41 
"       hydraulic  cemente,  50 
"       on  adherence  of  mortars,  78, 

74 
**      strength  of  stone,  111 


Patapeuo,  bridge  orer  tba,  907 
Pavement,  best,  421 

"  of  cubical  Rtone,  4iS 

"         nibble,  421 
Pavements,  419,  420 

aspbaltio,  4S1 
"  in  England,  431 

*'  in  France,  423 

"  stone  for,  420 

"  wooden,  421 

Paving- stones,  420 
Pebbles,  Boulogne,  80 
Permanent  strain  in  ctona,  118 
"         way,  stability  of,  448 
"  ways,  experiment*  oOf  4t( 

Perpetual  lime -kilns,  28,  81 
Petot,  on  lime-kilns,  S9,  SO 
''      on  mortars,  69 
*'      table  of  limes,  19 
Physical  characters  of  bjdr»a]io  lim* 

stones,  23 
Pieces,  bridle  or  sospensicm,  274 
Piers,  248 

"      abutment,  206 
"      for  bridges,  205 
"      for  wooden  bridges,  810 
"      of  iron  bridges,  325 
"      of  suspension  bridges,  86S 
Pig- metal,  colors,  98 
Pile  engines,  197 
PUes,  disk,  197 

*>      foundations  on,  198 
"      of  iron.  203 
"      pneumatic,  220 
"      screw.  190 
"      sheeting,  208 
Pillars,  comparative  strength  of,  184 
"       iron,  134 
"      pressure  on,  134 
"      properties  of,  134 
"      resistance  of  wood,  188 
"      transverse  strain  on,  189 
Pino,  88 

Pinning  up  in  masonry,  177 
Pittsburgh,  bridge  at,  844 
Plank-roads,  430 
Plaster-of-Paris,  18 
Plate-band,  the,  247 
Platform,  a,  193 
Plymouth  breaJcwater,  587 
bridge  near,  809 
Pneumatic  caissons,  229 
"  piles,  220 

"         processes  for  founlaUoaa 
220 
Pointing,  269 

Polencean,  tubular  ribs,  839 
Polish  for  Berlin  costings,  109 


^^^^^^^^^^^^^^^^^wSbx^^^^^^^^^^^  h3l 

1 

W         Poaoelet,  ©mbankmwit  wall*.  S40 

BArrcEi,  M4,  808 

^B 

■                 "          moT&ble  bridga,  'd&i 

&aft«  tn  rivon.  031 

J 

■           Pont  d'Aiut«rllU,  KM 

Bail,  finhbulUed,  481 

j^^H 

■                "    d«a  Arta,  836 

'■     in  U.  8.,  432 

•  ^^^H 

■              '•    ju  Cutooiol,  838 

"    iuiat«.  404 

^^^1 

1          Porpl>yt7,-fl 

^^    Fortlaiut  Mment,  fiO 

**    of  QroatWeatainro«d,eta.,439 
"    ponaiftl.  438 

H 

^^^                   cement,  Btnngtli,  eta.,  of, 

"    nflialADoe  to  latenl  foroea,  448 

^^H 

^^                        117 

Rsilnwd  hnRMt,  484 

^^H 

Port  Said  %bthoaa«,197 

cnvmgi.  464 

^^H 

Post' a  Dombuiktioa  Inidgt,  348 

•*       ourvea,4S0 

1 

■'      iron  bri^e,  840 
■'     tnim,ata 

"      gndienta,  4S8,  480 
"      aidiags,  4.'M 

H 

Poionu  Bqnednci,  S06,  308,  213 

"      Btnet  oroamngB,  438 

^^H 

Fower-driUiiv  ni»chin««,  443 

*'      «witcb«a,487 

^^H 

PnU'e  truH.  330 

"      toDxida,  430 

^^H 

PrManiiotu  uaiast  ftrobe*  settling. 

**      tnin-platea.  438 

^^H 

858 

"       Tolocltj  oo,  488 

^^H 

^                                      w»tor,  192 

Bailroada,  effect  of  apaed  oo,  148 

^^H 

^^H                                     jieldiog  of  f  ooo- 

googa  of,  455 

^^H 

V                                         dAtions,  2<4 

grade  of,  430 
Ran,  alnugTil,  433 

^^H 

ProHTTatioB  of  nupenciou  brid^ea, 

^^H 

860 

Raila,  430 

^^^^ 

timber,  89,  M 

"    angle  uf  defleotioD,  4S7 

^^H 

PrawrvkUvci  of  iron,  ft8 

"     domblliLv  of,  4.13 

^^^1 

Preaerring  iron,  04 

"    roUDd.4i3 

^^H 

aurface  of  Btooe,  108 

"    steel,  433 

^^^1 

Prism  of  draught,  474 

••    «toel,biraVageof,  464 

^^H 

■'    oflift.4T4 

••    at»el<haad«d.  406 

^^^1 

"     what  b  n.  S43 

**    Bteal,  mulls,  464 

^^^1 

PriM  for  oannl  lo<M)motion,  4S8 

'•    atodl,  wear  of,  464 

^^^1 

PtObl«ms  for  strauu  oa  bus,  M6 

'*    aapporta  of,  488 

^^H 

**        oo  beuna,  S04 

"     wear  of,  43S 

^^^1 

' '        OD  curved  beanui,  SXi 

"    wTooghE  irou,  488 

^^^1 

"        00  Uttloe  giidet.  689 

Baawaya,  4-10 

^^H 

'*        oo  roof  tntaaeB,  583 

'■         temporary,  484 
Railway  alerpets,  4^8 

^^B 

TuiOtmta  itv  m»3dng  st«el,  S8 

^^H 

"        for  pr—rriiig  iiam,  97 

**       apikea,  Fuuk'a  expcrlmenta. 

^^H 

Proofs  of  BDBpaiidoa  bridges,  866 

431 

^^^1 

Pioportiona  for  Colgnet  bet(n»,  190 

"      spUufl,  Von  Weber's  e^eii- 

^^H 

"          (oE  concict*,  08 

mentB,4S3 

^^H 

Prop*,  272 

Baieing  lann  etouea,  139 

^^H 

Protecting  bankn  of  rirera,  406 

Baage,84» 

^^H 

ndOHuf  «roKd,4U 
Ptot«ctton  of  mBB0iii7,  860 

BaBNme'B  utiSaUl  atone,  6S 

^^H 

Batio  of  tensile  to  oomikrcHire  forOM 

^^1 

Piorideiwe  nring  bhdfc  868 

la  caul  iron,  132 

^^H 

Podding  flUma,  10 

Banooort  de  ObarleriUe,  profeotkm  oC 

^^1 

PnddKog.  908 

maaoDTT,  800 

^^H 

Pariina,  393 
Pnnolaaa,  48 

^^^^M 

Red  aaadstaos,  8 

^H 

Beclodog  hydtaalio  cement,  40 

^^H 

QUAMTT  of  bride,  77 

BeKliBeo  of  a  river,  W4 

Baatkai  betweeo  Btraina  and  twoML 

■ 

QnuTica  of  marble,  11 

1 

Qunr-bed.  163 

W3 

^^^ 

Qnajr  waJla,  1)43 

RelieTing-arohtis.  34S 

^^H 

Qnoja  of  wnt-dooka,  S41 

Beodal,  bridge  bodt  by,  809 

^^H 

Qii«en-po«ta,  874 

Bimiie,   effeot   of   tvmpecatun    m 

1 

Qntf^Ume,  S 

bridgea,881 

J 

833 


BcmiaC,     ftipfliUlglllB  flB  IRM.  163 

**        tfrer.fth  ef  ciO|ifier.  166 

"        Mm^tk  el  tin  and  lead.  167 

"        uUe  at  Knngth  of  ■une. 

110 
"        tetwile  Mzei^th  of  eaat  iron. 
131 
Benwiek's  procew  for  protectnic  tim- 
ber. 86 
Bepsin  of  masoniy,  260 

••      of  ro*dis  428 
BepoM,  angle  of.  407 
Beqnintes of  Btren^h  inmMMOazj.  175 
BflMudiea  on  meigtfa  of  mtteritla. 

1C4 
tUmtmnee  of    cut  iroD  to  coinprea- 
•iOD.  1-11 
^         of  cut  iron  to  exteuifln. 

131 
**  of  copper  to  stntin,  166 

**  cicjlmdrial  colamos,  138 

**  of  iron  to  toraion,  162 

"         of   iron-wire    to    impact. 

161 
*'         aolidiof  eqnaLSSS 
**  of  aqaare  wood  pIlUn,  123 

"         of    timber    to  detznrioo, 

130 
**^        of  timber  to  atr^n,  122, 

125 
**         of    timber   to  'truurerBe 

■train,  125 
"         of    vrroajtit  iron  to  com- 

premive  scrain,  154 
*'         of  wrought  iron  to  tensile 
strain.  147 
BaHrroirs.  caoal.  474.  476 
Bemltfl  of  steel  rails,  464 
Retaining- walls.  239 
Beiit^menU,  245 
Rhine,  wing-dams  on,  493 
Bibs  for  light  archee.  290 
"    in  a  bridge-frame.  823 
"    of  iron  bridges,  325 
"    tabular.  B2S.  329 
Rideaa  canal,  402 
Biebell.  strength  of  frames,  274 
Eiver  bars,  502 

"     improvementa,  495 
Eiverm.  494 

"        protecting  bonks  of,  496 
Boad  covering,  broken  stone,  423, 425 
"     ooveringa,  41ft 
"     drainage,  413.  416 
"    effect  of  speed  on,  443 
Boadstcads,  536 
Bo»dji,  403 
'    "      benoheaof,  412 


Boadi,  dent^of.  O* 

taaxaj,  425  _ 

**     eras  diBCnaoBB  cC,  flt 

earthwork  of.  41 1 
"      embankmenta  oC  409,  414 
cxeavatiotis  for.  41* 
French  views  on,  43f 
"      gnv^43S 

locatioii  of  '"■F^*.  4£6 
"      macadamiMd.  424 
"      map  and  memcM  ct  m^  4K 
*•     maMic  for.  438 

materiali  foe,  4S8 
"     paik.426 
'^      plaak,4aO 
"      tepainof,  428 
"     Roman.  421 
**      aettiBg  linea  vt,  410 
'*     aide  efaanncla  6t,  41T 
•'      aide  alope  of.  411 
"      alipa  on,  412 
"      stone  for,  15 
"      mimmer,  429 

surface  water  of,  41S 
'-      Tf  If  ord's  plan,  424 
Boadwigr  of  sospenaion  Isidsan.  W4 

"        of  wooden  lnidc«,  888 
Boadwsya,  aaphaltic,  427 
Bock.4 

Bock  fonndationB,  191 
Boebling,  East  Biver  bridge,  580 
"        expenments  on  wira,  1S8 
"        HonongaheU  brid^,  878 
Bogers.  analyses  of  magnesisA  lima 

stones.  22 
BoUed  nulB.  433 

Roller  for  compressing  roada,  487 
Boiling  bridges.  380. 391 

mills,  roof  of,  400 
Boman  cement,  12 

strength  of,  118 
"       roads,  421 
Borne  (N.  Y.  >  bridge,  344 
Bondelet,  on  adherence  of  mortaza,7S 
on  walla,  238 
^'        specific  gravitj  and  strcngtli 
of  stone,  113 
Boofing  slate,  H 

Boof  of  capitol  at  Hontpdier,   400, 
402 
"    of  UniTern^ofUioh.,  40i,40f 
"    trusa,  depot.  899 
"      "      problems  on,  658 
'*    trQBBe«,393 
"         "        iron,  896 
Boots,  303 

"       and  domes.  400 

"       snow  and  wind  on,  894 


^^^^^^^^^^^^^         niDxx.                ^^^^                   ^1 

BopM  for  fawdincd  plasea^  480 

Bidewolke.  42S                                        ^H 

'       iron,  Bteet,  and  h«mp,  oom* 

a«plia]tic,  487                       ^^| 

puativs  Bfaroogth  of,  166 

Sidings  of  nilroada,  434                   ^^^M 

Rot.  wet  and  dry,  88 

Sienite,  0                                          ^^^^H 

Bubble  pftTomttQt,  431 

Biles,  4                                             ^^^1 

'*      BtoBo  maaoDTy,  183 

Siliciooi  MkiMla,  47                               ^^^^| 

RuJ«!«  to  ii«t«nntDe  itrwigth  of  CMt- 

Monea,  4                            ^^^^H 

irvn  boainv,  143 

Btnglfi  Ultioe  girder,  680                   ^^^^M 

Baptare  by  compreanon,  107 

Slack-wiiU^r  navigaiioD,  081              ^^^^H 

^H                      b;  t«iaUe  force,  107 

Slaked  Uiae,                                     ^^^^1 

^^B                    moraant  of.  &54 

HIaktng  litne,  lt7                                 ^^^^1 

^           "       of  uch«a,  S57 

Slate,  gnywaoke,  8                           ^^^^H 

'*     hornblende,  6                         ^^^H 

Salt  io  mortar,  47 

nloa, «                                  ^^^M 

Sud,47 

"     roofing.                                      ^^^H 

"     PoaUinebleaa.  187 

"      tallXMH,                                               ^^^^H 

^1           '*     for  oeotiing  uehM,  890 

SiMper  for  ntlrond,  4.14                     ^^^^| 

^H                  for  foaodatMn*.  30S 

Sleepers,  torcetodraw  BpikeaoQt,4A4      ^H 

^V          *'     for  paTeni«Qt«.  430 

how  afTeotnd,  448                        ^^M 

*■      fbOBdatioiu,  103 

railwaj.  463                                 ^H 

Bandrtone.  7 

Slips  on  a  road,  412                                    ^^M 

BavBDnaJi,  bridge  over  th«,  888 

Smith  (Vf.  S. )  OD  iiDeamado  ealwona,      ^^| 

Sawyen  In  riv«n,  590 

sua                                     H 

SuafTolding,  la'^ 

Snaga,  580                                               ^H 

ScarfjoifH.  2i\» 

Snow,  weight  of,  804                              ^H 

8cboD«cUtdr  bridgt,  944 

Sonpatone,  7                                            ^H 

6MU,  !»8                                                 ^M 

Sella,  oomprMRlUe,  foundatlona  to,      ^H 

1B2                                             ^M 

for  fonndatinna,  100                      ^H 

Hohnjlkill  bdd^,  HI? 

Bcertt,  bridge  ovar  tho.  230 

ScrewpilM,  IB6 

SeikCOMt  im  prove  iiiftnU,  A34 

"    wftlU,  543 

wet  and  inumbr.  4lO              ^^^^| 

>*  WBt«r  for  monnr,  188 

Sdldera,  09                                       ^^^| 

Bcuoatnff  timber,  B! 

BMtion,  OADgcioiu,  ^a^ 

Solid -bniltbeamB.  303                     ^^^H 

"     conteata  of  a  road,  409                  ^H 

"       of  TobtiDiog-WKlla,  84S 

SoUda,  extnnaion  and  oonCraotion  ofL       ^^| 

Saekonk  Blrer  bridge,  dOI 

lOd                                               ^M 

a«pUiiit,20 

of  equal  refdBtanoe,  535                 ^^M 

gutting  linos  of  a  road,  410 

SoaDlwv  bri-l^  of,  SOU                            ^H 

of  mortars.  47 

Southwi^rk  bh<lgo.  336                           ^H 

SettUug  of  arcboi,  prDoaationB  against 

Speoifio  grnvitjr  at  coat  iron.  93               ^^M 

i!iS 

Speed  of  trainii,  effect  of.  443                   ^H 

"      of  embankment*,  414 

SpiJcea,  f  ocoe  to  draw  out  of  a)e«pt  n,      ^H 

SeTen,  bridgn  over,  S2U 

4A6                                            ^M 

Sewers  of  bccoa  ngglomere,  188 

iron,  adbeidoD  to  timber,  17V      ^H 

Sejnel  bttiiminou  nadctono,  74 

Eailw»,  cxpeiiioeDte  on,  401,      ^H 

Sbafta  tor  road  dninagit,  413 

46U                                            ^1 

»     woridng,  440 

Spoa-btnk.  416                                       ^M 

Shearing  etrab,  OuO 

Spnnga,  oaaaing  road  elipa,  41S               ^^M 

**          "      reaiataaoe  of  iron  to. 

Spruce,  89                                                   ^H 

161 

StttbiUtjr  of  B  permanent  way,  443          ^^| 

SbecUng  pUoa.  208 

Btainea  bridge,  .136                                 ^H 

Bhip-wonns,  M 

'*      troo  bridge  at,  831,  888             ^H 

&hoeplal«t,  890 

Statnaij  maible,  10                                   ^M 

Bhoroa,  lf78 

Steatite.  7                                        ^^^1 

Bido  chftoneU  of  road*,  417 

Steam  for  canals,  498                        ^^^^H 

"     outtmga,  416 

pUo-drivez,  198                       ^^^^1 

•'     drvtna,  417 

Steel,  08                                           ^^^B 

.               "    ^ope  of  a  road,  411 

Steel-headed  ralla,  4M                   ^^H 

€U 
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bnakaceot.4U 

**  tactkm  on,  4fl5 

'*  wcwoC,441 

Etctl,  ibength  of,  103 
bucp  gradienu.  nilnMd.  43B 
SupheDBOn.  tabular  bridge*,  348 
Stunpa,  Wi 
S«aiM,4 
SuKMbridgn.  279 

of  Ettfop*.  908  I 

*'     for  psTemoita,  420  ! 

*•     iettj.  538 

prcMTriog  nufue  of.  103 
*'     tamwmn.  420 
BtODcs.  wch,  2^ 
**      broken,  nwd  ooTerfiig.423, 425 
"      cut.  174 
"       dnnbrntj  of,  13 
*•      espwKbsi  of.  114.  115 
"      paring.  420 
"      itreiigth  of.  lOB 
BUmtj,  Ubles  of  strength  of  ropo,  150 
Stony  grotmd  foandatioDS,  191 
Bum^^t  nil.  432 

8crw,  brekking,  of  wTODghb  Iron,  162 
Stnin  on  piJUra.  135 

"     on  nnit  of  ■»«,  554 

"     perniutent,  on  vtone,  tl3 

'*     redsUnoe  of  timber  to,  122. 

125 
**     resittsnos  of  wnraght  izon  to, 

147 
**     sbeariog,  SCO 
**     ibeahng,  resistanoe  of  iron  to, 

161 
"     workings  of  wrought  iron,  152 
Btraini  and  forces,  relatiotis  between, 
603 
"     claBBification  of,  546 
"     cross,  frsmes  for,  204 
Straining  beam,  272 
Street  crossings  of  railroads,  488 
Strength,  etc.,  of  Portland  cement, 
117 
**       oomparaldTe,  of  inm,  steel, 

and  hemp  rope,  lOf 
**        in  masonry,  reqnisitea  of, 

175 
"         of  beton,  118 
•'        of  boUer  iron,  148 
•*        ofcast  iron,  91,  181 
**        of  oast  iron  beams,  rales  to 

determine,  143 
"        of  concrete,  118 
•*        of  copper,  108 
"        of  frames,  274 


M       ttfBaiecab.1M 
'*        of  nonan.  115 
•*        of  otha  meuia,  1*7 
of  Boraan  i    mill.  IIS 
of  ste«L  1C3 
'*        efscotw.  IW 
"        ctftimbes.  119 
**        of  wTooglkt  inn,  9S.  147 
of  wroogfat  inm.  cffsek  «l 
tempenbne  OB.  1A8 
BbengtleniBg  bndE-woifc,  184 
fitretdwn.  in  masanrj,  177 
Btzikiiviilatan.  £90 
St.  Lswrcnoe  cansk.  4M 
St  Lonia  bridge.  231 
St.  Louis  and  llKnois  bridg*.  144 
Stroctniea.  oamponenk  pasta  aC,  iflB 
foondatioDa.  190 
iBwat«i^206 
Stnta.  264 

"       inclined,  272 
Stnooo,  SOO 

Style  of  azcUtectnn  tar  hJJtaa,  tH 
Sommer  roads,  429 
Summit  lerel,  467, 471 

Sonderiand  bridge,  396         

Snperstrnctnre  of  a  bndga.  809    

Support,  blaming  for  "»**""— ^'1*t,*** 
Supports  of  raik,  433 
▼erticsJ.  238 
Sarfsoes  of  the  arch,  288 
Sorface  water  of  a  road.  418 
Surrey  for  a  bridge,  280 
Surveys,  405 

Snitpending  chains  of  bridgea,  864 
Suspension  bridge.  East  River,  879 
"  Fribonig.  S70 

"  Hongefford,  871 

Menai,868 
"  Honoi^ahela,  878 

Niagara,  ST4 
"  orer  the  Tweed, 

368 
Suspension  bridges,  857 

'*  abutmentn.  803 

**  cablea  of,  880 

M  chains  ot  360 

"  dnnbi]itTof.30l 

**  main  nh»iTi«  o£^ 

863 
<•  pier*  of,  868 

"  OTcserration  of, 

866 
**  proofs  of,  866 

*'  roadway,  864 

"  Tibntionaof,3Ga 

SnspeDsirm  pieces,  274 
Sustaining-walls,  239,  416 


^H      SwtdiO,  «zpaiineaM  oa  atml,  188 

Tbenno-tennon,  effecta  on  wrooght*       ^H 

^V      Bwiacing-bridgM,  880 

iron.  101                                                H 

Thicknen  of  walla.  238                              ^1 

Thomaa  Tiadnat,  the,  S07                          ^H 

1             Sjrtom  of  Back,  388 

Through,  a,  m  masonrr,  178                    ^H 

^H       Bngedio,  bridge  at,  2^ 

Tidal  watot,  ooSer-dama  in,  810             ^^M 

Tide-loolc  ot  Ik  oaiial.  4M)                        ^M 

Tidoa,  tbeorjr  of,  034                         ^^^M 

■                     018 

Tie-jots  ta,  271                                 ^^^H 

^H           **      of  ooflfflcMuU  of  linear  expan- 

TlM,  304                                              ^^^H 

^H                    ■ion,  108 

"     for  d«tacb«a  fEMMB,  980         ^^^M 

^^H          '*      of  oxporimantsonoaat-trMi  twr 

Tiles,  7»                                               ^^H 

^^M                   impinced  npoo,  144,  14fi 

TUaber,  adhasfon  of  iroa-ipikca  ttf^^^H 

^^H                of  hjilraalio  oetnenU.  20 

17tt                                          ■ 

^^H         "     of  ratio  of  teaails  to  comprM- 

defeotaof,  8S                            ^1 

^^M                   sire  fozooa  in  oMt  itoo,  ISS 

destcojars,  88                          ^M 

^^^^^  "     of  remits  of  ezperimenbi  oa 

dorabtli^  of,  8B                 ^^H 

^^^^K            ban  of  bot-bliwt  iron,  13d, 

moat  durable.  83                ^^^M 

^^V 

nentnd  axia  of,  Kft           ^^^H 

^^^^  '*      of  atnugthof  lM[Ier-tniu,  14.S 

"        pTCMmiUoa  of.  83.  84                    1 

^^M               of  atres^tb  of  aqoore  and  roond 

**        TttdataDoe  to  detnalon,  130            J 

^^M                   \mn  of  irrought  iron.  l-Hi 

reaiHUuiOfltoBtrnin.  ISS,  ISO       ^ 

^H         *'     of  atmi^of  none,  110,  lU, 

■eawming,  81                              H 

^M               lis 

•ttength  of,  119                          ■ 

^H                  of  wear  of  stone,  16.  17 

Time,    effaota  of,    in  elongation  ol       ^H 

^H                  oomparatlr«  tlreni^  of  Iron, 

wrought  iron,  l-tJJ                        ^H 

^H                    Btaei,  «£d  bemp-iope.  1S€ 

**        eSecta  of,  on  defloctiooa,  180       ^M 

^H      Talooae  alate,  7 

Tin,  99                                                            ■ 

^■^      7aU'a  bnclcte  w»t!oldlng,  185 

■trength  of,  187                                   ^H 

r             Tar,  inmeral,  74 

Toinaa,  rflaistanoe  of  iron  to.  169          ^^| 
Tott«o,  on  brick  mnaonTy,  181          ^^^H 

^^       Tedford,  Menal  btidse,  889 
^K      Talford  paTemeot,  424 

on  river  wixig-dams,  490      ^^^^| 

^H      TampBnUare,  effect  on  brideeo,  881 

■trength  of  tnoitan,  118    ^^^^H 

^H                                effect  on  copper,  187 

Town'i  tran.  S16                               ^^^^M 

^^^                               «S«ct  on  nuBouiy.  241 

Tow-path,  488                                 ^^^H 

^^^^H                       cSeoe  on  stona,  114 

Traction,  force  at,  407                       ^^^^| 

^^^^B                    «fleoti  OS  (treoftb  of 

on  at«<l  roilfl,  48S             ^^^H 

^^^^^P                             wrought  iron,  168 

Tiamwaj«,  irou,  4UI>                          ^^^^| 

^^^^H                      effect  to  expand  tne- 

none,  420                                 ^H 

^^K^                          ^^<  «ta.  107 

Tmnsrsne  strain   on  wrought  Iron,        ^| 

^^P                             affvcU  on  ifoo,  137 

IM                                         ■ 

^H       Tfitopor&rj  danu.  canal,  490 

"            Btrstn,  resiataTice  of  tira-        ^M 

^H                           riitlw&.ya,  434 

berto,  125                          ■ 

^H       T<!nailc  stzMii,   rusistanoa  of  timber 

■trangth    of    nnld-bla«l       H 

^K                                      to,  ISS 

iron,  ISO                            M 

^H                **            renuitiuiue  of  wrougbl- 

Trapoxoidal  traaa,  Whipple's  333              ^H 

^B                                     iron  Lo,  147 

Triua,  iS                                                            ^m 

P            Tmim  i(^t«,  ^70 

L            Tettna  lu  briogu  uomeudatur«,  814 

Ttedgold,  rastotanoe  of  timber  to  d*>       ^| 

tzwdoo,  130                                           ^H 

^H       Teatiaff  cast  iron,  91 

Tree,  tmnk  of,  80                                    ^1 

^B      leato  of  bTdraulic  limestonu,  33 

Treea,  frlliug,  80                                         ^M 

^m          "    of  ateul  mila,  4(tt 

girdling  and  barking,  80                 ^H 
of  United  Statea,  88                        ■ 

^H      Tewkaburj  bndg«,  898 

^1       Thames  tnnuel,  184 

P            TbeiM,  bridge  orer  the,  3S7 

fer-daou,  SI  5                      ^H 

L            Tbitarj  of  moTtara.  S8 

"        oa  hydiauUo  mortal,  48  ^^^H 

^B.           **      of  tidca,  iBM 

on  puszolauus,  44            ^^^^^| 

^B          **      of  warn,  SS6 

Tnal-lincB,  4(X>                                    ^^^^H 

«36 
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TriTimphal  arcL,  893 
Tronic  of  a  tree,  80 
Tmae,  arched,  837 
"      BoUman's,  337 
"     bridges,  vertical  shearing,  OSS 
"     Burr's,  818 
**     depot  root  899 
"     Fink,  888 
"      Howe's,  817 
"     lattice,  816 
"      LinviUfl.  884 
"     Long's,  815 
"     MoCftUum's,  820 
"      Post's,  839 
"     Pratt's,  820 
"     Town's,  816 
"      weights  borne  tgr,  S7S 
"     Whipple's  trapexoidal,  382 
Trasses  for  wooden  bridges,  815 
"      iron  roof,  896 
"      roof,  383 
Tnbe,  model,  for  bridge,  849 
Tabes,  iron,  breaking  weight  of,  854 
Tabnlar  bridge,  Britannia,  850 
"      bridges.  847 
"     iron-ribs,  828,  829 
Tnnnel,  Hooaao,  442 

"      Hont  Cenis,  442 
TnnneUing,  operations  in,  440 
Tnnnels,  488 

drainage  of,  442 
"        masonry  of,  441 
"        water  in,  442 
Tnznboll,  bridge  built  by,  808 
Turning- bridges,  380,  884 
Tum-pUtea,  418 
Tweed,  saspecsiou  bridge  over,  868 

Ulster  Co.  hydraolio  limestone,  21 

Under-pinning  in  maflomr,  177 

United  States,  canals.  487 

^'  lime-bomiog  in,  81 

''  rail  used  in.  482 

Unit  of  area,  strain  on,  554 

UniTend^  of  Mtohlgan,  roof  of,  401, 
402 

/aHIETIBB  of  iron,  90,  93 
oak,  S7 

"  paints,  101 

"  pine,  88 

"  steel,  98 

Tarnish,  copal,  101 

"        for  rincked  Iron,  109 

"        Japan,  101 
Tarnishes,  100 
Velocity  on  a  railroad,  438 
Ten)  antique,  11 


Tertioal  supports,  289 
Veaniel,  Gothic  church,  187 
Viaduct,  279 

'*       the  Carrollton.  308 
"       the  Thomas,  307 
Tibiations  of  suspension  bridges,  861 
Ticat,  artificial  bjdranlic  lime,  41 
"      cement  limestones,  18 
■ '     effect     of    temperatnxe     on 

bridges,  831 
"     fuel  for  lime-buraing,  37 
"     hydraulic    magnesiaa     lime- 
stones, 21 
"     munieaan  limestone  of  Fnuoe, 

'*     on  dolomitea,  11 

"      on  elongation  of  wrought  Iron. 
155 

"     on  hydraulic  mortar,  49 

"      strength  of  mortar,  50 

"     starength  of  mortan.  116 

"      strength  of  stone,  113 
Victoria  bridge,  212.  364 
Volumes  of  the  arch,  288 
Von  Weber,    ezperimento  on  rails, 

442 
Ton  Weber  on  stability  of  permanent 

ways,  44:j,  446 
Ton  Weber's  experiments,  dednctJont 

from,  461 
Von  Weber's  experiments  on  imilway 

spikes,  453 
Vouaioin,  248,  283 

Wadb,  orushing-weights  of  cast  iron, 
16G 

"       tenacity  of  iron,  138 
Walker,  table  of  wear  of  stone,  16 
Wall  for  an  embankment,  240 
Walls,  concrete,  185 

"      of  encloHure,  238 

"      quay,  542 

"      retaining  or  sustaining,  239 

"      sea.  548 

"      sustaining,  416 
Waste-weir,  470 

of  a  canal,  490 
Water   decreases    linear   expansion 
169 

"      effect  on  stone.  Ifi 

"       flame  lime  kilns,  34 

"      in  tunnels,  442 

"      precautions  against,  192 
Waterloo  bridge,  292 
Water,  structures  in,  208 

"       supply  of  a  canal,  477 

"       wings  of  a  bridge,  304 
Water-way,  467 
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Waim'ynj,  anlugemwit  of,  808 

"         in  bndge-bnildiiis,  280 
WsTOaSSS 
WMfofrailB,  43S  ' 
*'    of  itoel  nils,  4M 
"    of  atone,  14 

"  CorioUa'  table,  17 

«'  WiOker's  tabl«,  16 

Weftthei,  moitan  exposed  to,  60 
WeigtM,  folding,  286 
If  eight  of  snow,  894 
(Tdland  canal,  492 
fPeiQwag's  ^burlkiU  bridge,  817 
Vet^oobi,  541 

mLipple'a  trapezoidal  tnua,  838 
"        tnua,     modifloatioiu    of, 
834 
Whirlpoola,  534 
Fhoeier,    experiments    telatiTO    to 

suspension  bridges,  867 
Fidth  of  roads,  429 
fPilliamsport  canal  bridge,  ^0 
Wind,  force  of  the,  894 
Wing-dams,  497 
Wing-walls  of  bridges,  290 
Wire,  iron,  resistance  to  impact,  161 
Wood.  79 
Wooden  axohca,  277,  821 

*•      beams,  deflection  of,  128 
**      fatU|«i,810 


Wooden  bridges,  oelebnted,  8M 
"       jetties,  S39 
"      I'avements,  421 
Wood  pillars,  reaistanoe  of,  128 
Worldng  strain  of  stone,  111-114 

"       strain  of  wrought  iron,  ISI 
Works,  accessor;,  of  a  canal,  488 
Wright,  W.  H. ,  on  mortar  nill,  B8 
Wrought  ixon,  92 

bridges,  847 
"  ooDcIosions  of  Kirkal- 

dj  on  strength  of, 
149 
"  elongation  of,  16S 

"  raU,  431 

"  rails,  438 

"  rosistanoe  to  oompre» 

sion,  1S4 
**  resistanoe    to    trans- 

Terse  strain,  154 
'*  strength  of,  147 

**  temperatoxe,     efleoti 

on,  158 
**-  Uiermo-tensionof,  161 

TiBLDina  of  arches,  257 

Zmc,  90 

Zincked  iron,  Taznish  for,  109 
Zinokdng  iron,  OS 
Zootaganm  pa^  109, 109 
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